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Abstract 
In this study, two strains of the edible mushroom Pleurotus pulmonarius, PI-27 
and PI-34, were selected for studying the effects of calcium and manganese. Both of 
the metals were commonly added to substrates in mushroom cultivation. The effects of 
these two metals towards the life cycle of the mushrooms in terms of spore 
germination, vegetative growth, fruiting initiation and fruiting yield were investigated. 
Three different salt forms of both metals, either inorganic or organic, were used in 
order to check whether there was an anionic effect. The results showed that both 
calcium and manganese were essential for spore germination. The optimal 
concentration for spore germination was strain-specific and depended on anionic form 
added. 
Among the three salts tested, only calcium carbonate in the basal medium 
would promote the vegetative growth of both PI-27 and PI-34. Calcium chloride and 
calcium acetate exhibited different effects on two strains; Strain PI-34 was stimulated 
in biomass gain at 25 mM of calcium chloride or calcium acetate but Strain PI-27 did 
. not respond to increasing concentrations of calcium chloride and was inhibited by 
calcium acetate. Besides, there was a lethal concentration of manganese at 20 mM of 
all kind of salt forms tested to both strains. At such equivalent concentration, calcium 
salts did not reduce growth rate in most case. However, within the sublethal 
concentrations (0-1 mM of manganese salts), there was a promotion of vegetative 
growth for both strains. There was no direct relationship between the metal 
concentrations and the glucose utilization, protein secretion and ammonia content. In 
contrast, the orthophosphate content and metal uptake would depend on the 
concentrations of metal added. 
Fruiting initiation in vitro would be promoted by adding any calcium salts 
tested and retarded or · even inhibited by any manganese salts added. There was no 
obvious improvement of fruiting yield when added with calcium or manganese to the 
substrate. Yet addition of manganese salts will double the time taken for spawn 
running. In many cases, the metal translocation, total amino acid content and the C, H, 
N, and S contents of the fruitbodies were not affected by the metal added. 
From the results obtained, it was found that manganese was toxic whereas . 
calcium could be used in mushroom cultivation. The sensitivity to the presence of 































































List of Figures 
Figure 1 6-day old colonies of strains PI-27 and PI-34 on complete 36 
medium agar plates. 
Figure 2 Fruitbody morphologies of strians PI-27 and PI-34 of 38 
Pleurotus pulmonarius. 
Figure 3 The DNA fringerprints of Pleurotus pulmonarius by AP-PCR. 39 
Figure 4 Phase contrast light micrographs showing the hypha of (a) a 41 
dikaryon with clamp connection at septum, and (b) a 
monokaryon of Pleurotus pulmonarius. 
Figure 5 Effect of calcium on spore germi~ation. 42 
Figure 6 Effect of manganese on spore germination. 43 
Figure 7 Effect of calcium on biomass of 7-day old mycelium. 45 
Figure 8 Effect of manganese on biomass of7-day old mycelium. 46 
Figure 9 Effect of sublethal concentrations of manganese on biomass 47 
of7-day old mycelium. 
Figure 10 Residual glucose contents in calcium salt added media. 48 
Figure 11 Residual glucose contents in manganese salt added media. 50 
Figure 12 Protein contents in calcium salt added media. 51 
. Figure 13 Protein contents in manganese salt added media. 52 
Figure 14 Orthophosphate contents in calcium added media. 53 
Figure 15 Orthophosphate contents in manganese added media. 55 
Figure 16 Ammonia contents in calcium added media. 56 
Figure 17 Ammonia contents in manganese added media. 57 
Figure 18 Calcium contents in media before and after 7-day mycelial 59 
growth. 
Figure 19 Manganese contents in media before and after 7 -day mycelial 60 
growth. 
Figure 20 Effect of calcium chloride on fruiting initiation in vitro. 61 
Figure 21 Effect of calcium carbonate on fruiting initiation in vitro. 62 
C 
IV 
Figure 22 Effect of calcium acetate on fruiting initiation in vitro. 63 
Figure 23 Effect of manganese chloride on fruiting initiation in vitro. 64 
Figure 24 Effect of manganese sulfate on fruiting initiation in vitro. 65 
Figure 25 Effect of manganese acetate on fruiting initiation in vitro. 66 
Figure 26 Fruiting yield of Pleurotus in calcium added straw compost. 67 
Figure 27 Fruiting yield of Pleurotus in manganese added straw 68 
compost. 
Figure 28 Biological efficiency of Pleurotus in calcium added straw 70 
compost. 
Figure 29 Biological efficiency of Pleurotus in manganese added straw 71 
compost. 
Figure 30 Accumulation of calcium from straw compost into caps of 72 
P leurotus pulmonarius fruitbodies. 
Figure 31 Accumulation of calcium from straw compost into stipe of 73 
P leurotus pulmonarius fruitbodies. 
Figure 32 Accumulation of manganese from straw compost into caps of 74 
P leurotus pulmonarius fruitbodies. 
Figure 33 Accumulation of manganese from straw compost into stipe of 75 
P leurotus pulmonarius fruitbodies. 
Figure 34 Effect of calcium on total amino acid content in cap of 79 
Pleurotus pulmonarius fruitbodies. 
Figure 35 Effect of calcium on total amino acid content in stipe of 80 
Pleurotus pulmonarius fruitbodies. 
Figure 36 Effect of manganese on total amino acid content in cap of 81 
Pleurotus pulmonarius fruitbodies. 
Figure 37 Effect of manganese on total amino ~cid content in stipe of 82 



















List of Tables 
Growth rate of strains PI-27 and PI-34 of Pleuro/us 
pulmonarius. 
Carbon and hydrogen contents of fruitbodies of Pleurotus 
pulmonar ius. 
Nitrogen and sulfur contents of fruitbodies of Pleurotus 
pulmonarius. 
Amino acid composition of fruitbodies of strain PI-27 of P. 
pulmonarius from calcium chloride added straw. 
Amino acid composition of fruitbodies of strain PI-34 of P. 
pulmonarius from calcium chloride added straw. 
Amino acid composition of fruitbodies of strain PI-27 of P. 
pulmonarius from calcium carbonate added straw. 
Amino acid composition of fruitbodies of strain PI-34 of P. 
pulmonarius from calcium carbonate added straw. 
Amino acid composition of fruitbodies of strain PI-27 of P. 
pulmonarius from calcium acetate added straw. 
Amino acid composition of fruitbodies of strain PI-34 of P. 
pulmonarius from calcium acetate added straw. 
Amino acid composition of fruitbodies of strain PI-27 of P. 
pulmonarius from manganese chloride added straw. 
Amino acid composition of fruitbodies of strain PI-34 of P. 
pulmonarius from manganese chloride added straw. 
Amino acid composition of fruitbodies of strain PI-27 of P. 
pulmonarius from manganese sulfate added straw. 
Amino acid composition of fruitbodies of strain PI-34 of P. 
pulmonarius from manganese sulfate added straw. 
Amino acid composition of fruitbodies of strain PI-27 of P. 
pulmonarius from manganese acetate added straw. 
Amino acid composition of fruitbodies of strain PI-34 of P. 
pulmonarius from manganese acetate added straw. 
Protein contents offruitbodies of Pleurotus pulmonarius. 




















Table 18 Metal interference on protein test. 101 
Table 19 Metal interference on orthophosphate test. 103 
Table 20 Metal interference on ammonia test. 105 
Table 21 Amount of soluble calcium salts added into each bag (g metal 108 
salt / 800 g substrate. 
Table 22 Amount of calcium carbonate added into each bag (g metal 108 
salt / 800 g substrate. 
Table 23 Amount of manganese added into each bag (g metal salt / 800 108 
g substrate. 
Table 24 Metal contents of straw. 110 
Table 25 Time needed for mycelium to fully colonize the substrate 110 
with different metal salts. 
Table 26 Desorption of calcium from fruitbodies by treatment with 112 
water and acid. 
Table 27 Desorption of manganese from fruitbodies by treatment with 113 
water and acid. 
vu 
1. Introduction 
1.1 Background of Pleurotus pulmonarius 
1.1.1 Taxonomy and classification 
Pleurotus species are commonly called oyster mushroom, phoenix mushroom 
and Dhingri (in the northern India) (Stamets, 1993). Pleuro/us is a 
homobasidiomycete, producing single-celled meiocytes called basidia each producing 
four exogenous basidiospores. This fleshly mushroom has a well-developed tissue 
differentiation into pileus (cap), lamellae (gills) ~nd stipes (stalks~ stems). It belongs to 
family Polyporaceae. In the field, mushrooms of this genus are singled out ~ot only by 
the characteristic morphology of the fruitbodies but also by the white gills, indicating 
the transparent spores being produced and therefore grouped into white spore-bearers 
(Lecosporae) (Stamets, 1993). 
Pleurotus pulmonarius possesses the following genus characteristics. Its cap is 
convex at first, then, expanding to broadly convex, eventually flat or upturned and often 
wavy in age (Stamets, 1993). Its fruitbody usually 5 to 20 cm in diameter. It is grayish 
·white to beige to lilac grey to grey-brown, sometimes with pinkish or orangish tones. 
Color varies according to the strain, lighting and temperature conditions during 
mushroom production (Stamets, 1993). The cap margin is smooth to undulating like an 
oyster (this is why it is commo~ly called oyster mushroom). Stems are typically 
eccentrically attached to the cap~ veil absent~ flesh generally thin. Strains of this 
~ mushroom rarely form clusters of more than 5 or 6 fruitbodies (Stamets, 1993). 
\ 
Species of Pleurotus are highly similar in morphology and a species can show 
diverse morphologies. Therefore, classification at the species level is difficult 
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(Petersen, 1995). Recently, the genetic relatedness and phylogeny of various Pleurotus 
species have been measured using sequence comparison of the ribosomal DNA genes 
(Iracabal et aI., 1995). In cultivatio~ P. ostreatus, P. sajor-caju and P. pulmonarius 
are commonly used (Stamets, 1993). The latter two species are often mixed up and 
named as "Pleurotus sajor-caju" altogether. The name "P. sajor-caju" has been mis-
applied frequentIy~ many of the scientific papers published on the extraordinary yields 
of"P. sajor-caju" on straw, cotton wastes, coffee residues are undoubtedly referring to 
a strain of P. pulmonarius. The real identity of the fungus depends on the compatible 
reactions with the 4 mating type classes (testers) of the type species (Petersen, 1995). 
1.1.2 Life cycle 
A mushroom life cycle is generally divided into three stages, namely: spore 
germination, vegetative growth and fruiting (Bold et al., 1987). 
. I. Spore germination 
For P. pulmonarius, spore germination takes 2-3 days, and within one week, 
visible mycelial colonies will be observed. Each spore that is released is a haploid. A 
. hypha will extend from spore and continue to reproduce mitotically during germination 
to become a monokaryon. Two monokaryons, if compatible, come together, then fuse 
and combine their cytoplasmic materials. The resulting dikaryotic mycelium with the 
characteristic clamp connection at each septum of a binucleate hypha accelerates in its 
growth, again reproducing mitotically. Fruitbodies are in general produced by 
_ dikaryons. 
Sexuality of Pleurotus pulmonarius is governed by two incompatibility factors 
(A and B). As a result only subsets of spores are able to combine with 9ne another (the 
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A and B factors have both to be different for compatibility to take place). When spores 
germinate, several strains are produced. Incompatible strains may form clear zones 
between them, indicating their own territories. 
H. Vegetative growth 
Enzymes and acids are secreted by the mushroom mycelium into the 
surrounding environment, breaking down lignocellulosic complexes into simpler 
compounds. Mycelium absorbs these reduced organic molecules as nutrients directly 
through its cell walls. Translocation is the process by which nutrients are moved along 
fungal hyphae to other parts of the colony (J ennings, 1994). The movement of nutrients 
through a hypha might occur in three ways: (i) by diffusion, (ii) by the involvement of 
contractile systems, and (iii) by flow of solution brought about by an osmotic gradient. 
All these mechanisms can have a significant transport role in the fungus. 
The vegetative state by both the monokaryons and the dikaryons represents the 
longest phase in the mushroom life cycle. The substrate will continue to be colonized 
until physical boundaries prevent further growth or a biological competitor is 
. encountered. In response to suitable environmental stimuli, such as high humidity, 
presence of light, reduction in carbon dioxide, the mycelium is triggered into fruitbody 
production (Stamets, 1993). 
Ill. Fruiting 
The mechanism which is responsible for the sudden shift from vegetative 
growth to fruitbody formation is still a black box (Stamets, 1993). On the vegetative 
mycelial network, there are areas with increasing mycelial density to form clusters. 
These hypal aggregates form the young primordia. This fruiting initiation is o~e of the 
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most critical phases in the production of fruitbodies. Primordia of 1.;.2 mm in diameter 
mature rapidly and increase in size to give a characteristic "mushroom" shape within 
3-4 days. The cap, stem and gills emerge. The cap functions much like an umbrella, 
safe guarding the spore-producing gills from wind and rain. Over the surface of the gill, 
an evenly dispersed population of spore-producing cells, basidia, emerge. The basidia 
are in a generally rich, dense surface layer on the gill called the hymenium. Only few 
basidia have matured to the stage of spore release when the fruitbodies are young 
(Stamets, 1993). As the fruitbodies mature with fully expansion of the gills, more and 
more basidia mature. Once a spore is discharged, the mushroom life cycle is restarted. 
1.1.3 Marketing value 
Oyster mushroom is worldwide cultivated. It is the second most popular 
cultivated edible mushroom just behind the button mushroom in 1989-90 (Chang and 
Miles, 1991). Because of the ability of bioconversion of different agricultural wastes 
into consumable food for men at low cost, oyster mushroom has a high marketing 
potential. There are many studies on the utilization of different substrates for the 
cultivation of Pleurotus spp. (Khan and Chaudhary, 1989; Sohi and Upadhyay, 1989; 
Bononi et al., 1991; Houdeau et al., 1991; ElIor, 1995). 
1.1.4 Nutritional content 
It has been reported that Pleurotus pulmonarius contains: crude protein, 26.94 
%; fat, 2.88 %; ash, 11.82 % and carbohydrates, 58.36 % (on a dry weight basis) (Chang 
and Hayes, 1978). The amino acid profiles of P. pulmonarius show the presence of 17 
amino acids including all essential amino acids, in good concentration, particularly 
leucine and lysine which are mostly lacking in cereal protein (Khanna and Garcha, 
1984). . The mineral contents and heavy metal contents of P. pulmonarius have been 
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widely studied (Bano et aI., 1981~ Mueller et al., 1985~ Bisaria et al., 1987). The 
minerals in the fruitbodies were found to be different on different substrates (Bisaria et 
aI., 1987). [n general, the content of a particular element in fruitbodies was found to be 
higher when cultivated on substrates containing higher content of that element (Bisaria 
et aI., 1987; Jain et al., 1988; Lepsova and Mejstril, 1989). It has been proved that there 
was a considerable amount of both calcium and manganese in the fruitbodies (Bisaria 
et al., 1987; Gabriel et aI., 1994). Calcium and manganese contents in the fruitbodies 
of P. sajor-caju varied from 25.1-73.0 and 2.3-4.2 mg/l00 g fruitbodies cultivated from 
different agro-residues (Bisaria et al., 1987). 
1.2 Background of calcium 
Element calcium (symbol Ca) has atomic number 20 and atomic weight 40.078. 
Its melting point is 839°C and boiling point is 1,484 °C (Mahan and Myers, 1987). In 
typical microbial growth media, calcium is the most abundant of the divalent cations. 
Yet, within microbial cells the calcium level is low when compared to the external 
concentration. The exclusion of calcium from the cell is necessary to avoid 
·precipitation of various calcium salts (Hughes and Poole, 1989). The intracellular 
concentration of free calcium has been measured directly for Escherichia coli (Gangola 
and Rosen, 1987) and found to be 90±9 nM. This value is very similar to that usually 
quoted for eukaryotic cells (Hughes and Poole, 1989). For metabolically active cells, 
the intracellular concentration of free calcium is maintained at this value even when the 
external concentration of calcium varied from 10 fJ.M to 10 mM (Gangola and Rosen, 
1987). This implies a regulatory role for intracellular Ca2+ in prokaryotes. 
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1.2.1 Calcium requirements ofbumans 
The Swiss Nutrition Commission considers 1 g calcium daily sufficient to meet 
the requirement of an adult but observes that only about one-third of the calcium 
provided by the diet is absorbed in the intestinal tract. The amount of calcium required 
daily would be 0.65 g from the first to the third year of life, 1.65 g for children, 2.07 g 
for pregnant women and 3.86 g for nursing mothers (Martin, 1952). The daily calcium 
requirement of women during pregnancy and lactation is 3 g (according to the 
International Red Cross) or 1.5 to 2.0 g (according to the U.S.A. Research Council, 
Food and Nutrition Board). 
1.2.2 The biological role of calcium 
Calcium ions perform a number of functions in microorganisms, plants and 
animals (Hughes and Poole, 1989). It is involved in the regulation or trigger of a range 
of cellular functions. Besides, it can stabilize cell walls and activate extracellular 
enzymes. The concentration of calcium ions in the cytoplasm is relatively low due to 
the translocation from outside the cell or the internal stores. The release from internal 
stores can result in the activation of various cellular processes. In higher eukaryotes, 
the trigger action of calcium is usually mediated by a calcium-binding protein, which 
undergoes a conformational change on binding of Ca2+ (Martin, 1952). Examples of 
such binding proteins are calmodulin, troponin C and S-100. Such calcium-dependent 
regulatory proteins have now been identified from a range ofyeasts and fungi (Cormier 
et al., 1980; Hubbard et al., 1982; Tuinen et al., 1984). 
There are several divalent cations found in bacterial cell walls. However, Ca2+ 
seems to be of particular importance in stabilization, probably because of its special 
ability to bridge carboxylate groups (Hughes and Poole, 1989). Besides, the Ca2+ ions 
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are probably involved in cross-linking the lipopolysaccharide within the outer 
membrane. The binding of external Ca2+ to membranes can cause major changes in 
structll!al properties. Lactobacillus bulgaricus strain 1243-F grows as a long 
filamentous chains of unseparated cells in the presence of Mi+ but absence of any 
other cations. Dechaining of these cells to short rods occurred on the addition of Ca2+ , 
although only at pH values maintained at 5.0 and 6.0 but not at 7.0 (Wright and 
Klaenhammer, 1983). Cells of Lactobacillus acidophilus grown under low calcium 
concentration gave cells showing blebs, but addition of calcium to the medium 
eliminated bleb formation (Wright and Klaenhammer, 1981). Cells grown in the 
presence of calcium were more resistant to adverse effects on freezing. Viability and 
injury losses in the frozen concentrates were limited to 10 to 39 % and 3 to 23 %, 
respectively. The most probable explanation is that calcium minimizes or repairs cell 
wall damage in Lactobacillus spp. (Wright and Klaenhammer, 1981). 
The best known example of the stabilization of an enzyme by Ca2+ is 
thermolysin, a thermostable protease, isolated from the thermophilic organism Bacillus 
thermoproteolyticus (Matthews, Weaver and Kester, 1974). This enzyme is a zinc-
requiring endopeptidase, but the thermal stability of the enzyme arises from the 
presence of four calcium ions per mole of enzyme. The Ca2+ ions prevent the unfolding 
of the protein by providing cross-links although it is not fully understood why the 
stabilizing effect is so marked in thermolysin (Matthews, Weaver and Kester, 1974). 
The contraction of most invertebrate muscles is absolutely dependent on the 
extracellular calcium ion concentration (Gilly and Scheuer, 1984): calcium ions 
flowing into the cell during the action potential may trigger the contraction. Cardiac 
muscle failed to contract when the bathing saline was made calcium-free (Ringer, 
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1883). Since the removal of calcium uncoupled excitation and contraction, it seems 
that these ions must somehow be involved in the excitation-contraction coupling. The 
briefs~eps of movement are as follows. Excitation of the cell membrane rapidly spread 
into the fibre interior along membrane invaginations that form the transversal tubular 
system. Depolarization of the tubules then causes the sarcoplasmic reticulum to release 
calcium ions which activate the contractile machinery. The ATPase of the contractile 
proteins is activated and the contractile structures shorten and/or develop force (Ruegg, 
1992). 
1.2.3 Calcium as a regulator 
Several requirements have to be fulfilled before Ca2+ can serve as a regulator of 
cellular processes (Hughes and Poole, 1989): the intracellular calcium concentration 
must be kept at a low and constant value, calcium ions must be released into the 
cytoplasm in response to some stimuli, a calcium-binding protein is necessary to 
moderate the effect of the Ca2+ and finally there must be a pump to remove the Ca2+ 
back into the stores. 
Regulatory roles of calcium in yeast cells are well known. Ca2+ ions and 
calmodulin play essential roles in the yeast cell division cycle. The haploid cell type of 
Saccharomyces cerevisiae accumulates · Ca2+ ions on incubation with a mating 
pheromone, via the specific induction ofCa2+ transport activity. This Ca2+ uptake may 
trigger localized cell-surface growth to give a mating tube. Examination of the 
terminal phenotype suggested that Ca2+ was required at all the stages of the cell cycle 
except for the initiation of DNA synthesis (Iida et aI., 1990). 
Calcium also plays an important role in the regulation of encystment of 
zoospores in fungi (Byrt et al., 1982; Irving and Grant, 1984). Zoospores are motile, 
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flagellate cells, which act as the dispersive elements during the vegetative life cycle of 
fungi belonging to the chytrids and the oomycetes. The dispersive phase of this cycle is 
terminated when a zoospore undergoes the processes of cyst formation and germination 
to form a new mycelium. Zoospores are very sensitive to the cations environment. 
Phytophthora cinnamomi, a swimming biflagellate, when expose to Ca2+ at mM 
concentrations, will be induced to have spore encystment and germination (Byrt et aI., 
1982). Calcium could function by binding to the zoospore plasma membrane, leading 
to stabilization or destabilization, or cause an increase in the entry of calcium into the 
cell and trigger various intracellular events. It is suggested that Ca2+ functions by 
altering the internal Ca2+ balance rather than by acting directly on the plasma 
membrane (Irving and Grant, 1984). 
Calcium also involves in the regulation of plant cellular metabolism. It has 
been reported that many physiological processes in plants, for instance, cell elongation, 
cell division, protoplasmic streaming an~ enzyme secretion, are under the control of 
calcium ions (Marme, 1988). The control of cytoplasmic calcium in plant cells is 
.achieved as in animal cells by A TP-dependent extrusion of Ca2+ out of the cell and by 
accumulation of Ca2+ into cellular organelles like mitochondria and endoplasmic 
reticulum. Besides, it has been recently found that plants possess an additional Ca2+ 
transport system located in the tonoplast (Marme, 1988). 
1.2.4 Binding of calcium 
One of the calcium-binding trigger proteins is calmodulin which is a protein of 
molecular weight about 17,000. It regulates the activity of a number of calcium-
dependent enzymes. Calmodulin was originally characterized as the calcium-
dependent activator of brain cyclic nucleotide phosphodiesterase. Later it was· shown 
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to be the modulator of a variety of calcium-dependent cellular activities (Hubbard et 
al.., 1982). Calmodulin has high binding constant for calcium and much lower constant 
for magnesium~ with a discrimination for Ca2+ of about 103 to 104. This is essential, as 
Mg2+ is present in cells at high concentration. Calmodulin binds four calcium ions at a 
rate close to the diffusion-controlled limit~ apparently with the induction of sequential 
conformational changes (Hughes and Poole, 1989). The likely ligands for the four Ca2+ 
ions have been assessed. The calcium sites involve carboxylate and other oxygen 
functions fro.m amino acid residues very close together in the protein. The binding of 
-
Ca2+ to calmodulin triggers major conformational changes, which are relatively slow, 
and the Ca2+-calmodulin complex can then bind to and activate enzymes. The use of 
calmodulin allows a much more precise control mechanism, as calmodulin-enzyme 
interaction necessitates many points of contact. It has been proved that the chemical, 
physical and biological properties of plant and fungal calmodulins are similar to 
calmodulin isolated from animal sources and that calmodulin, isolated from either 
plant, fungal, or animal sources, will activate plant NAD kinase in a Ca2+ -dependent 
manner (Cormier et aI., 1980). Calmodulin from fungus Neurospora crassa has been 
purified to electrophoretic homogeneity (Cox et al., 1982). Equilibrium gel filtration 
experiments suggested that its binding properties are indistinguishable from those of 
vertebrate calmodulins. Besides, the amino acid composition is typically of plant 
calmodulins except trimethyllsine is absent and the content of serine is unusually high. 
The tryptic peptide map of N. crassa calmodulin reveals an important number of point 
mutations as compared to vertebrate calmodulin (Cox et al., 1982). 
There are also special cell structures that accumulate and buffer calcium 
concentrations (Williams, 1974). For example, the sacroplasmic reticulum must have 
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a concentration of calcium above 0.1 mM and it also has a concentration of calcium 
sequestering protein which can bind as many as 30 calcium atoms/mole. It is essential 
to state, where a given biological molecule is in relation to the calcium concentration 
before discussing the role it plays in calcium binding (WiIliams, 1974). 
1.2.5 Uptake of calcium 
The uptake of calcium ions has been studied using the yeast Saccharomyces 
cerevisiae. This process is energy dependent, deviates from simple MichaeIis-Menten 
kinetics suggesting the presence of two or more uptake routes (Roomans et al., 1979). 
The inhibition of calcium uptake by monovalent cations such as Na+ and K+ is 
independent of the divalent cation (Ca2l concentration. This inhibition shows 
saturation kinetics, and the concentration of monovalent cation at which half-maximal 
inhibition is observed, is equal to the affinity constant of this ion for the monovalent 
cation transport system. The inhibition on divalent cation uptake by monovalent 
cations appears to be related to depolarization of the cell membrane (Roomans et al., 
1979~ Borbolla and Pena, 1980). 
1.2.6 Calcium transport 
Over the last couple of years, calcium transport has become the most 
thoroughly studied examples of an e~ergy-dependent bacterial egress system, that is, 
one oriented in the cell membrane so as to reduce the intracellular concentration of 
Ca2+ to a level below that in the outside medium (Silver, 1978). Calcium egress is an 
active transport system against an electrochemical gradient. All bacteria, indeed all 
cells, appear to have outwardly oriented energy-dependent calcium transport systems 
(Silver, 1978). 
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For the growth of fungus Achlya, calcium uptake was continuous throughout 
the growth phase of the organism and when the uptake was terminated, growth ceased 
immediately (Cameron and LeJobn, 1972). Over 50 % of the calcium taken up by cells 
during growth could not be removed by metabolic poisons after growth was inhibited. 
It is proposed that calcium may be involved in maintaining the structural and functional 
integrity of the cell membrane (Cameron and LeJohn, 1972). 
It is suggested that calcium transport is a secondary porter system driven by the 
proton motive force (Silver, 1978). The ionophore A23187, which catalyses the 
exchange of Ca2+ and It, is an effective stimulator of calcium uptake, suggesting also 
that the calcium transport system is coupled to exchange with It. Calcium uptake by 
vacuolar membrane vesicles of Saccharomyces cerevisiae is suggested also to be 
catalyzed by a Ca2+ / It antiport system (Ohsumi and Anraku, 1983). An 
electrochemical potential difference of protons is a driving force for this Ca2+ transport. 
A second system for calcium extrusion, namely a calcium phosphate symportlproton 
antiports has also been identified (Silver, 1978). There was evidence showing the 
,importance of intramembrane Ca2+ in the hydrolysis of phospholipids of E. coli by 
Ca2+ -dependent phospholipases (Elsbach, Weiss and Kao, 1985). 
1.2.7 Application of calcium on mushroom cultivation 
In mushroom cultivation, calcium in different form is usually added into 
substrates in order to rise the pH or to avoid clumping of substrates (Bisaria et al., 
1987). It has been demonstrated that a higher pH would increase the selectivity of the 
substrate for Pleurotus spp. mycelium (Royse, 1995). Besides, a higher pH is effective 
in inhibiting growth of competitive green mold fungi such as Trichoderma spp. (Stolzer 
and Grabble, 1991). 
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1.2.8 Calcium effect OD mushrooms 
In mushrooms, calcium is applied in postharvest storage and is found involved 
in grav~morphogenesis. Milkus and Beelmen (1996) in Pennyslvannia, U.S.A. have 
shown that Agaricus bisporus grown in beds irrigated with calcium chloride were 
whiter, had lower bacterial counts and stayed fresh longer in the refrigerator. Calcium 
probably had a stabilizing effect on the mushroom membranes and slows the browning 
reaction. Calcium contributes to transduction of the gravitropic impulse for the 
Coprinus cinereus stipe (Frazer and Moore, 1993). Control sequestering of 
intracellular calcium is required for normal gravitropic bending, and lack of a calcium 
activity gradient inhibits gravitropic bending. Loss of the extracellular calcium 
gradient (and therefore lack of calcium transport across the membrane) will affect 
bending, bend movement and bend compensation (Frazer and Moore, 1993). 
1.3 Background of manganese 
Element manganese (symbol Mn) is one of the transitional elements having 
five oxidation states, i.e. +2, +3, +4, +6 and +7. It belongs to group 7B in periodic 
table. The atomic number and atomic weight of manganese is 25 and 54.94, 
respectively (Mahan and Myers, 1987). Its melting point is 1,244°C and boiling point 
is 2,095°C. The most stable oxidation state of Mn is +2. In solution and in many 
compounds it exists as the very pale pink Mn(H20)62+ ion. The cycling ofMn through 
the biosphere was accelerated due to the increase in anthropogenic activities (Nealson, 
1983). Manganese is emitted into the atmosphere from blast and electric Mn-ferroalloy 
furnaces, from steel furnaces, and from pig-iron furnaces. The main sources of 
contamination of soils by Mn are mine effluents, fly ash, and sewage sludge fertilizers 
(Babich and Stotzky, 1981). 
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t.3.t The biological role of manganese 
The manganese requirements for fungi vary considerably from 0.005 ppm to 
0.01 Pl?m (Auling, 1994). It was showed that some species of the genus Chaetomium 
exhibited negligible growth when incubated in manganese-free medium and improved 
growth with increasing Mn2+ concentrations. Similar situations occur with other fungi 
(Auling, 1994). 
In liquid media, increased branching yields pelletlike growth, which is often 
preferred in fungal biotechnology in order to improve handling of large-scale 
cultivations. The presence of manganese clearly suppresses pelletlike growth of 
Penicillium urticae (Scott et a/., 1986). It is said that the pelletlike growth appears to 
be a general response of filamentous fungi to manganese depletion. The biochemical 
basis of the shift from the hypal filaments to short, highly branched hypae was studied 
in the genus Aspergillus (Detroy and Ciegier, 1971). Manganese limitation alters the 
composition of the cell wall in favor of chitin while reducing the amount of a-l,3-
glucan. A shift to a yeast-like development as response to inoculation in a manganese-
deficient synthetic medium was described for A. parasiticus (Detroy and Ciegler, 
1971). To sum up, manganese limitation causes reduced or crippled growth in a 
number of fungal genera, sometimes including a shift from vegetative growth to a 
special status of differentiation. 
For instance, the stimulation of conidiation in the presence of Mn2+ ions 
indicates manganese control of morphogenesis in Penicillium clariforme and P. 
clarigerum (Tinnell et al., 1977). The formation of conidia is also clearly manganese 
dependent in Aspergillus niger. When exposed to rather high (1 mM) Mn2+ 
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concentrations, A. niger preferably accumulates manganese in the conidia forming 
hyphae. 
1.3.2 Uptake of manganese 
Metal uptake by fungi generally occurs in two separate independent ~teps, i.e. 
surface binding and energy-dependent intracellular influx (Gadd and White, 1989). 
Evidence has been accumulated that more than one manganese transport systems may 
be present in the same fungal organism. The initial rapid phase of wall binding of Mn 
in fungi requires no metabolic energy (Borst-Pauwels, 1981; Gadd, 1986). It is known 
that in prokaryotes divalent cations can be taken up together with citrate. Mutants of 
Aspergillus niger with a defective high-affinity Mn2+ transporter showed merely one 
tenth of the Mn2+ uptake of the wild type. This low Mn2+ uptake is distinctly stimulated 
by the addition of citrate and reaches a wild-type level in the presence of 10 mM citrate. 
Since the strength of this stimulation depends on the external citrate concentration, it 
may be that a metal ion-citrate sensor protein is involved. The citrate-stimulated Mn2+ 
uptake of A. niger is abolished by withdrawal of the carbohydrates source and by 
energy poisoning with uncouplers. Thus this cotransport of Mn2+ and citrate is an 
energy-dependent process (Auling, 1994). 
There are up to three different routes used by fungi for energy-dependent Mn2+ 
uptake, some of them inducible (Auling, 1994). Elevated levels of transition metals in 
fungal spores over mycelium have been reported (Gadd, 1986). Using neutron 
activation analysis, translocation of manganese during differentiation from vegetative 
cells to conidia has also been shown, with the result of an increased accumulation of 
manganese within spores or more distinctly within coremia (spore-bearing structures) 
of Penicillium (Scott and Gaucher~ 1986). 
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In yeast Saccharomyces cerevisiae, the plasma-membrane A TPase plays an 
important and direct role in the transport since this ATPase is highly specific for 
mangaQese. Also uptake of Mn depends on the presence of polyphosphates located at 
exterior side of the plasma membrane (Borst-Pauwels, 1981 ~ Gadd, 1986). After 
phosphorylation, manganese is transported and then sequestered into the vacuole by 
binding as manganese orthophosphate (Kihn et al., 1988). The intracellular manganese 
concentration seems to be regulated by both vacuolar and plasma membrane transport 
systems in the yeast. Mn2+ emux is an additional control mechanism on Mn 
concentration in the filamentous fungus Aspergillus niger. Manganese is highly 
compartmentalised in organelles such as the vacuole and by binding to cell components 
such as vacuole (Nieuwenhuis et al., 1981). 
1.3.3 Manganese requirements of humans 
The amount of manganese in man is 0.2 ppm (Schroeder, 1976). The daily 
requirements in food and water for man is 0.003 g (Schroeder, 1976). The current 
estimated safe and adequate daily dietary allowances for children aged 3-5, 6-10, and 
10-13 year-old was 1.4 mg/day, 1.25 mg/day, and 2.18 mg/day, respectively. For 
adolescents, the allowance was 2.5-5.0 mg/day. In the case of adult, the allowance was 
set by the Food and Nutrition Board, was 2.5-5.0 mg/day as well (Freeland-Graves et 
al., 1987). Manganese in the human is thought to be absorbed maximally in the 
duodenum in the 2+ valence state. 
1.3.4 Manganese deficiency 
Manganese is required by all living organisms, but its actions are not too well 
known (Schroeder, 1976). It takes in a number of enzymatic reactions. Deficiency in 
animals and birds affects bone, reproduction and brain, with abnormalities of bony 
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growth, stillbirths, early deaths and sterility of the mother, and convulsions (Schroeder, 
1976). 
1.3.5 Use of manganese 
Manganese has been used since 1839 in the production of steel. It is an essential 
ingredient of steel. More recently it has been used in the manufacture of manganese 
bronze, aluminum, magnesium and cast irons, and in copper, steel and aluminum 
alloys. It neutralizes the harmful effects of sulphur, it is a deoxidizer, and it imparts 
strength, toughness and hardness to steel. Electrolytically purified manganese is used 
in the production of alloys of steel, aluminum and copper for the same reasons (Mena, 
1980). 
1.3.6 Influence of pH on manganese toxicity 
As soil pH rises (this may be due to addition of lime-calcium oxide to soils), the 
charge in oxidation of manganese (2+ to 3+ and 4+) is favored which reduces the 
solubility of manganese and, consequently, its availability to plants. Conversely, 
manganese toxicity in plants is usually found in acidic soils with pH lower than 5.5 
(McDermott and Kies, 1987). It is said that calcium exhibits an adversely effect on the 
bioavailability of manganese (McDermott and Kies, 1987). Excessive intake of 
calcium have been shown to increase the daily requirements for manganese in swine 
probably due to decreased absorption of manganese (McDermott and Kies, 1987). 
There was no consistent trend in the effect of pH on-manganese toxicity to the fungi 
(Babich and Stotzky, 1981). However, different fungi showed a definitive response to 
manganese at the different pH levels (Babich and Stotzky, 1981). Increasing the pH 
from 5.5 to 8.5 did not significantly affect the toxicity of manganese to Gliocladium 
sp., Penicillium vermiculatum or Aspergillus niger. The toxicity of manganese to 
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Rhizopus st%nifer and Trichoderma viride did not different at pH 5.5 and 6.5, but 
increasing the pH to 7.5 or 8.5 significantly enhanced the toxicity. In contrast, the 
toxici~ of manganese to Scopu/ariopsis brevicau/is, a basophilic fungus whose growth 
rates and sporulation increased as the pH was increased, was significantly reduced as 
the pH was increased. The increased tolerance to manganese at alkaline pH levels may 
have resulted from the enhanced physiological state of the fungus at alkaline pH levels 
(Babich and Stotzky, 1981). 
1.3.7 Effects of manganese on enzymes 
The chemical nature and abundance of manganese constitute the basis for its 
involvement in lignin biodegradation (Auling, 1994). Oxidation and cleavage of the 
hydrophobic regions of the lignin molecule may be affected by manganese ions in high 
oxidation states, such as Mn2+. Mn3+ can serve as a mediator for free-radical 
production or as an indigenous oxidant. Partial lignin depolymerization by 
Phanerochaete chrysosporium at high manganese level (720 JlM) was detected 
(Wariishi et al., 1992). However, further depolymerization to smaller compounds was 
more efficient when lower levels of manganese were used. For P. ostreatus, the 
addition of 730 J.1M Mn to the growth medium resulted in the highest mineralization of 
lignin to CO2 (Kerem and Radar, 1993). It is found that soluble Mn ions stimulated Mn 
peroxidase production and lignin peroxidase production was inhibited by the rapid 
precipitation of Mn (Kerem and Hadar, 1993). The manganese form of isocitrate 
dehydrogenase has a greater affinity for the substrate but is less sensitive to metabolic 
regulation than the magnesium . form. Other enzymes activated by Mn2+ include 
superoxide dismutase, protein kinase, adenyl cyclase, and RNA polymerase (Auling, 
1994). 
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1.3.8 Application of manganese on mushroom cultivation 
Recently, it has ' been reported that both the mycelial growth of Pleurotus 
ostreatu.s, Lentinus edodes, Pholiota nameko, and Agrocybe aegerita on straw and the 
yield of fruitbodies is distinctly improved when Mn2+ ions are supplemented (Lelley 
and J anBen, 1993). The risk of contamination by deleterious fungi is also reduced by 
supplementation of Mn2+. Camarere et al. (1996) showed Pleurotus pulmonarius 
would produce the strongest degradation of lignin during solid-state fermentation since 
the addition of manganese to the culture increased lignin mineralization by 125%. 
Moreover, many reports suggested that manganese was an important component in the 
degradative process and resulted in selective removal of lignin by white-rot fungi. 
Increased manganese levels had been found to enhance ligninolytic enzyme levels, as 
well as lignin degradation by some white-rot fungi (Bonnarme and Jeffries, 1990; 
Brown et aI., 1990, 1991; Perie and Gold, 1991; Kerem and Radar, 1993, 1995). 
1.4 Purposes of Study 
The objectives of this study were to: 
• investigate the effects of calcium and manganese on different stages of life cycle of 
edible mushroom Pleurotus pu[monarius. 
• increase our understanding of the relationship between the two metals and several 
parameters of the vegetative fungal growth. 
• determinate the nutritive contents, such as amino acid contents and carbon, 
hydrogen, nitrogen and sulphur contents of the fruitbody of Pleurotus pulmonarius 
grown on different amounts of calcium or manganese added compost. 
• examine the metal translocation into the mushrooms. 
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After all, mushroom fanners can get some suggestions about the effects of 
adding calcium or manganese in compost from this study. Then, they can make their 
decisions on the amount of metal used for cultivation. 
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2. Materials and Methods 
2.1 Organisms 
Two strains of Pleuro/us pulmonarius, strain PI-27 and PI-34, were studied. 
Both of them were kindly provided by Professor Shu-ting Chang of The Chinese 
University of Hong Kong. Strains PI-27 and PI-34 were used in cultivation in India and 
Thailand, respectively. 
2.2 Maintenance of cultures 
Fungi were cultured and maintained at 28°C in darkness on complete medium 
(CM) (Raper and Miles, 1958) and subcultured every month. The composition of the 
complete medium (CM) was as follows: 
Compositions 





Yeast extract 2.0 
Agar -15.0 
2.3 Identification of two strains 
In order to confirm that Pleuro/us pulmonarius strains PI.27 and PI-34 were 
genetically different, arbitrarily~primed polymerase chain reaction was performed as 
described in Section 2.3.2. In order to confirm that the two strains were of the same 
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speCIes, mating type reaction among their meiotic progenIes was performed as 
described below (Section 2.3.3). Besides, their mycelial growth rate and fruitbody 
morphol~gies were recorded and compared. 
2.3.1 Determination' of growth rate 
An agar block (5 mm in diameter) carrying mycelium of either strain PI-27 or 
PI-34 was cut from a CM plate with a core borer and placed aseptically onto the centre 
of a CM plate. The plate was incubated at 28°C in darkness and the diameter of the 
colony formed was measured on day 4. There were three replicates for each strain. 
2.3.2 Arbitrarily-primed polymerase chain reaction (AP-PCR) 
2.3.2.1 Production ofbiomass 
Mycelium for deoxyribonucleic acid (DNA) extraction was obtained from a 7-
day culture in complete medium which was incubated in a shaker at 150 rpm at 28°C in 
darkness. Inoculum was prepared by scrapping off mycelium from a fully-grown CM 
plate. 
2.3.2.2 Extraction and purification of genomic DNAs (Lee and Taylor, 1990~ Yoon et 
aI., 1991) 
The harvested mycelium was dried uSIng a freeze-dryer (Freezone 6, 
Labconco). Then the freezed-dried mycelium was placed in a sterilized mortar. Liquid 
nitrogen was added to rapidly cool the setup. Then a sterilized pestle was used to grind 
the mycelium into powder while kept cool by liquid nitrogen. The ground mycelium 
was filled into a 1.5 ml eppendorfmicrocentrifuge tube to one-third full. To it, 400 J..11 
of lysis buffer (50 mM Tris-HCI (pH 7.2), 50 mM EDTA, 3% lauryl sarcosine, 1% 2-
mercaptoethanol) was added, and the content was gently mixed until homogeneous 
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solution was obtained. Lysis was carried out at 65°C for I hour. Then 400 J.11 of 
chloroform: TE-saturated phenol (1: 1 ~ v:v) was added. The tube was inverted gently to 
mix and .then centrifuged at 12,000 x g for 15 minutes at room temperature. The top 
phase containing DNA was transferred to a new 1.5 ml tube leaving behind cellular 
debris. 10 JlI of 3 M sodium acetate (pH 5.2) and 0.54 volumes of isopropanol were 
added into the new tube. After mixing, the tube was placed in -20°C freezer for 2 hours 
to let nucleic acids precipitate out. The whole content was centrifuged again at 12,000 
x g for 2 minutes at room temperature to pellet the DNA. The supematant was 
discarded, the pellet was rinsed with ice-cold 70% ethanol and air-dried thoroughly . 
. -
100 J..1l ofTE (10 mM Tris-HCI (pH 8.0), 0.1 mM EDTA) was added to re suspend the 
pellet. Then 100 mg of cesium chloride (CsCI) (Sigma, C-4036) was added and the 
tube was gently shaken to dissolve the CsCl. The supematant solution containing 
purified DNA was transferred to a new tube leaving behind the pellet after 
centrifugation at 14,000 x g for 15 minutes at room temperature. Three volumes ofTE 
buffer were added to the solution and followed by one volume of isopropanol. Then the 
solution was centrifuged again at 14,000 x g for 5 minutes at room temperature. The 
purified DNA pellet was rinsed with ice-cold 70% ethanol, dried and re suspended in 30 
J.d ofTE. DNA solutions were kept at -20°C until use. 
2.3.2.3 Composition of reaction mix (Chiu et aI., 1995) 
In 50 JlI of PCR reaction mixture, there were 1 x PCR buffer IT (Perkin Elmer 
Cetus), 3.5 mM MgCh, 0.2 mM each of dNTPs (Perkin Elmer Cetus), 1 J..1M arbitrary 
primer (Operon Technologies Alameda), 2.5 U Taq (Boehringer Mannheim) and 10-
100 ng genomic DNA. The arbitrary primer used in this study was either M 13 forward 
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sequence pnmer (M13SQ~ CGCCAGGGTTTTCCCAGTCACGAC) or Gal K-54 
(TACGGTGGCGGAGCGCAGCA). Each reaction tube (thin-walled tube, Perkin 
Elmer Cetus) was made up to 50 J.11 with autoclaved ultra pure water (Maxima ultra 
pure water, Elga). The reaction mixture was overlaid with 50 JJ.I of mineral oil 
(molecular biology grade; Sigma). 
2.3.2.4 Thermal programme 
The reaction mixture was incubated in a thermal cycler (minicycler, MJ). A 
negative control without the addition of genomic DNA was run in parallel. The 
thermal programme was as follows: the low stringency cycle of 94°C for 5 minutes, 
35°C for 5 minutes and 72°C for 5 minutes twice, and then followed by 38 cycles of 
high stringency cycle: 94°C, 1 minute; 55°C, 1 minute; and 72°C, 2 minutes. A final 
extension step at 72° for 10 minutes was added. The amplified product was kept at-
20°C until further analysis. The experiment was repeated once. 
2.3.2.5 Agarose gel electrophoresis 
Two percentage of agarose gel (NuSieve, FMC) was prepared by using 1 x 
Tris-borate buffer (TBE: 10.8 g Tris base, 5.5 gboric acid and 4 ml of 0.5 MEDTA (pH 
8.0) per liter). 5 JJ.I of peR product and 1 JJ.I of the loading buffer (30% glycerol, 0.25% 
bromophenol blue and 0.25% xylene cyanol FF in water) were loaded into a well of the 
gel. Electrophoresis was run at 70 V for 1 hour. The-amplification profile was revealed 
under UV illumination after the gel has been stained by ethidium bromide (0.5 JJ.glml) 
for one hour and de stained in running water for half an hour. The result was recorded 
onto Polaroid film (type 667, speed = ISO 3000) or computer saved as a file using gel 
documentation system (Gel Doc 1000, Bio-Rad). 
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2.3.3 Mating type reaction 
2.3.3.1 Collection ofa sporeprint 
·Production of mushrooms is described in Section 2.4.5 below. A mature 
fruitbody without stipe was placed on a sterilized filter paper inside the pottom of a 
petri dish. The petri dish was kept in a laminar-flow at room temperature overnight. 
The fruitbody was removed and the cover was put back to the petri dish. This spore 
print was stored at 4°C. 
2.3.3.2 Isolation of single spore isolates 
Five ml of sterilized distilled water was added in a sterilized test tube with metal 
cap. A piece of the sporeprint was cut out and placed aseptically in the test tube. The 
spore suspension was mixed thoroughly by a vortex mixer. The concentration of the 
suspension was checked by haemocytometer under microscope. 100 J.lI of 104 
spores/m I spore suspension was spread on a complete medium agar plate. After 
incubation at 28°C in darkness for 3 days, well-separated and individual colonies were 
picked up and subcultured onto CM plates aseptically. Under light microscope at a 
magnification of 100-200 fold, the colonies were checked for absence of clamp 
connection. Then these monokaryotic single spore isolates were maintained as 
mentioned in Section 2.2. 
2.3.3.3 Mating test 
- An agar block (5 mm in diameter) carrying mycelium was cut from a CM plate 
with a core borer and placed asepticalIy onto a new CM plate. Another single spore 
isolate was treated similarly and placed onto the same plate and at a distance of 5 mm 
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apart from the other isolate. The plate was incubated at 28°C in darkness for 5-7 days. 
The colony formed was checked for clamp formation under microscope. 
2.4 Effect of different concentrations of calcium and manganese on 
the life cycle of the fungi 
As this project aims to examine the effects of two metals, all the glasswares and 
plasticwares were treated with acid before use. The glasswares were first placed in a 10 
% hydrochloric acid bath overnight, then rinsed with deionized water afterwards. The 
calcium and manganese salts used in this study were calcium chloride (CaCh), calcium 
carbonate (CaC03), calcium acetate (CaAc), manganese chloride (MnCh), manganese 
sulphate (MnS04) and manganese acetate (MnAc). 
2.4.1 Spore germination 
About 1,000 spores were spread onto basal medium agar plates with different 
concentrations of metal salts. The composition of basal medium (BM) (pH 6.8) was: 
(1 gIl), 1 mM ethylenediamine-tetraacetic acid (EDTA~ dipotassium salt), 0.01 M 
piperazine-N,N' -bis[2-ethanesulfonic acid] (PIPES; dipotassium salt) and agar (15 gIl). 
EDT A was added to chelate any trace amounts of metals present in the medium while 
PIPES acted as a pH buffer. The potassium salts of these compound were used because 
they showed the least toxicity (inhibition of mushroom growth) than the conventional 
sodium salts in the preliminary test. 1 mM and 100 mM of each metal salt were 
prepared as stock solutions except CaC03 which is insoluble. A proper stock solution 
was added to each 100 ml of the media in order to give final 0.0001, 0.001, 0.01, 0.1, 
1.0 and 10.0 mM of [Ca2i or [Mn2+]. Besides, CaC03 powder was added in various 
media to give 0.0001,0.001,0.01,0.1, 1.0 and 10.0% (g/v) of [Ca2i, respectively. The 
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media were sterilized by autoclaving at t 21°C, under 15 psi pressure for 20 minutes. 
After cooling, 20 ml media would be poured into a sterilized petri dish. 100 III of 104 
spores/ml spore suspension was spread on an agar plate. These plates were kept at 28° 
in darkness for 3 days. The colonies germinated were counted under a colony counter 
with the help of a magnifying glass. There were altogether 5 replicates for each 
concentration. 
2.4.2 Preparation of mycelium homogenate 
A fully growth agar plate culture was cut into 1 cm x 1 cm blocks. Then these 
blocks were transferred into a sterilized Waring blender cup with 20 ml of sterilized 
distilled water. Then the mixture was blended for 15 seconds and paused to let the 
setup cool down. This step was repeated for a total of two minutes. The resultant 
mycelial homogenate was pipetted to a 250 ml conical flask with 100 ml CM. The 
culture was incubated at 28°C, at 150 rpm in darkness for one week and then kept at 
room temperature until further use. 
The mycelium was filtered from the liquid medium by a sterilized nickel sieve 
with several washes by sterilized distilled water. The mycelium was then transferred in 
a pre-weighted sterilized petri dish and covered it well. The weight of mycelium was 
calculated by subtracting the weight of the petri dish from the total weight of petri dish 
with mycelium. Then the mycelium was transferred to Waring blender cup and 
homogenised as mentioned above. 
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2.4.3 Vegetative growth 
2.4.3.1 Biomass study 
The basal medium (BM) (pH 6.S) in 50 ml broth supplemented with a metal salt 
was used. The range of concentration tested was 0-100 mM for calcium and 0-20 mM 
for manganese. There were altogether 5 replicates for each treatment. A mycelium 
homogenate was added as an inoculum. The culture was incubated in a shaker at a 
speed of 150 rpm for 7 days at 2SoC in darkness. Mycelial biomass was obtained by 
filtering the flask contents through a 1 mm x 1 mm nickel sieve and then placed in a 
pre-weighted aluminum boat. The boat with biomass was dried at SO°C overnight. 
After weighing and subtracting the original weight of the boat, the weight of biomass 
could be determined The filtrate was stored at 1.8 ml eppendroftubes at -20°C for 
further analyses (2.4.3.2-2.4.3.6). 
2.4.3.2 Measurement of glucose content in media 
Modified DNS method (Ghose, 1987) was applied. 50 J.11 of sample or glucose 
standard was mixed with 100 III DNS reagent in a test tube. DNS reagent was made up 
of 3,5-dinitrosalicylic acid (7.49 gIl), NaOH (13.98 g1I), rochelle salts (sodium-
potassium tartarate) (216.1 gIl), phenol melt at 50° (5.37 mIll) and sodium 
metabisulfite (5.86 g1I). The test tube was then placed in a boiling water bath for 10 
minutes. After cooling in an ice bath, one ml of distilled water was added. The 
absorbance of the color solution was measured by spectrophotometry (Spectronic 601, 
Milton Roy) at 540 run. A standard curve would be obtained by plotting the absorbance 
values against glucose standards (0-1.5 mg/ml). The glucose content of a sample was 
then found by reading the value in the standard curve at its absorbance. 
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2.4.3.3 Measurement of protein content in media 
Dc protein assay kit (catalog 500-0116, Bio-Rad) and microplate reader (MR 
5000, Dynatech) were used. Bovine serum albumin (catalog no. A-8S31, Sigma) was 
used to prepare standards (0-1.5 mg protei n/m I). 5 J..ll of a standard or sample were 
pi petted into a clean and dry microtiter plate. 25 J.d of reagent A, an alkaline copper 
tartrate solution, was added into each well followed by 200 J..lI of reagent B, a dilute 
f olin reagent. After mixing by the microplate reader for 5 seconds and let stand for 30 
minutes, the absorbances at wavelength 690 run of all wells of the microtiter plate were 
recorded automatically. 
2.4.3.4 Measurement of orthophosphate in media 
The orthophosphate contents in media were measured by automated ion 
analyzer (Lachat). QuikChem Method no. 10-115-01-1-A was used. Samples which 
contained orthophosphate ion (P043-) would be reacted with ammonium molybdate and 
antimony potassium tartrate under acidic conditions to form a complex. This complex 
was reduced with ascorbic acid to form a blue complex which absorbed light at 880 run. 
Standards, stock ammonium molybdate solution, stock antimony potassium tartrate 
solution, molybdate color reagent, ascorbic acid reducing solution and sodium 
hydroxide-EDT A rinse were prepared as in appendix. Several dilutions of samples 
were also prepared. The reagents were placed in proper containers and line up for 
autosampling. A pump system was connected, and the heater module was warmed up 
to 37°C. Sampling and recording were automatically controlled by the micro-processor 
in the machine. 
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2.4.3.5 Measurement of ammonia in media 
The ammonia contents in media were measured by automated ion analyzer 
(Lachat), too. Modified QuikChem Method no. 12-107-06-2-A was used. Samples 
which contained ammonia was heated with salicylate and hypochlorite in an, alkaline 
phosphate buffer. An emerald green color was produced which was proportional to the 
ammonia concentration. The presence of EDT A prevented precipitation of calcium. 
The color was intensified by adding sodium nitroprusside. Standards, 6% EDT A 
solution, buffer, salicylate-nitroprusside color reagent recipe and hypochlorite reagent 
were prepared as in appendix. The procedure was identical to 2.4.3.4 except the 
temperature of the module at 60°C. 
2.4.3.6 Measurement of calcium and manganese in medium 
Several dilutions of the samples were prepared according to the measuring 
limits of the machine. The metal content of the medium was measured by atomic 
absorption spectrophotometer (Z-8000, Hitachi). Standards were measured in parallel 
with the samples. The actual metal concentration in a sample was calculated by 
multiplying the metal concentration determined from the standard curve with the 
dilution factor. 
2.4.4 Fruiting initiation in vitro 
Fruitbodies of Pleurotus pulmonarius were obtained by cultivation on no metal 
added straw as stated in Section 2.4.5. Stalks of mature fruitbodies were used as the 
inocula. The stalk base was cut into 1 cm portion and divided longitudinally into 
several parts aseptically. These stalk tissues were placed on buffered agar (pH 6.8) 
which consisted of agar (20 gIl), EDTA (dipotassium salt) (I mM), PIPES (dipotassium 
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salt) (0.01 M) and 0-100 mM of [Ca2i or 0-40 mM [Mn2+]. After 3 days of incubation 
at 28°C in darkness, stalks with primordia or mature fruitbodies were counted at 2-day 
interval. for one treatment until day 10. There were altogether 80 pieces of stalk tissues 
for one treatment. 
2.4.5 Fruiting 
Straw was used as the cultivation substrate for fruiting. It was cut into about 2.5 
cm in length and soaked with tap water. 10% of wheat bran was added and mixed well. 
The compost was then placed in a plastic container for composting. The container was 
covered by plastic bag and kept for one day. On the next day, the temperature of the 
compost was found to have risen to about 50-60°C, indicating the ongoing microbial 
succession. Metals were added after the fermentation and thoroughly mixed manually 
to final concentrations of 0-200 mM of Ca Ch, 0-200 mM ofCaAc, 0-5% (gig) CaC03, 
0-40 mM MnCh, 0-40 mM MnS04, or 0-40 mM MnAc. 800 g of the substrate with 
60% moisture was packed into a plastic autoclavable bag. A sample of the substrate 
was taken from each treatment for analysis of the metal content by atomic absorption 
spectrophotometry (Section 2.4.6.1). A plastic eye glass holder was fitted around the 
opening of the bag, the edge of the bag was fanned out around the holder and a cotton 
plug was used as the stopper. All bags were autoclaved for 1 hour at 121°C. After 
cooling, equal amount of mycelial homogenate (prepared as mentioned in Section 
2.4.2) was pipetted into the bags as inocula. They were incubated in darkness at 28°C 
for about 2 weeks to allow the mycelium colonizing the whole compost. The bags was 
cut away from the substrate. The composts were placed in an environmental chamber 
which was maintained at 28°C, 80% humidity with 14-hour dark, 10-hour light cycle. 
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Primordia could clearly be seen after 1-2 days in the control compost. Mature 
fruitbodies were harvested within 2 weeks. For each treatment, there were 5 replicates. 
2.4.6 Fruiting yield (Biological efficiency) 
The fruitbodies which fresh weights were measured after harvest were placed at 
-20°C until further analyses (Section 2.4.6.1-2.4.6.3). The fruiting yield was measured 
in terms of biological efficiency. 
Biological efficiency = (fresh weight of fruitbodiesl dry weight of substrate) x 
100%. 
2.4.6.1 Preparation of biological material for calcium and manganese measurement 
The freeze-dried substrate and fruitbodies which were separated into caps and stalks 
were ground into powder by mortar and pestle. The following procedures were 
performed in a flame cupboard. 0.1 g of sample was transferred to an acid washed 
crucible and furnaced at 500°C for 2 hours. After cooling, 10 drops of ultra pure water 
was added to wet the white ash. 3.0 ml of35% HN03 was pi petted drop by drop into 
the crucible which was placed on a hot plate set at 100°C-120°C for 30 minutes. The 
crucible was then put back to the furnace and ashed for 1 hour at 500°C. Then the 
crucible with its cover on was let cool at room temperature and 10 ml of 12% Hel was 
added, the content of the crucible was measured in volume and transferred to a 50 ml 
volumetric flask. Ultra pure water was added to make a volume of 50 mt. Samples 
were filtered through Whatman no. 1 filter paper and stored in acid washed plastic 
bottles. As with fruiting yield, there were 3 replicates of each sample. All samples were 
analyzed using a Hitachi atomic absorption spectrophotometer as mentioned in Section 
2.4.3.6. 
32 
2.4.6.2 Measurement of carbon, hydrogen, nitrogen and sulphur contents 
2.000 ± 0.001 mg of freeze-dried fruitbody powder was weighted using an 
analytical balance (AD-4 Autobalance, Perkin Elmer) and placed into a CHNS/O 
analyzer (PE 2400, Perkin Elmer). The CHNS/O analyzer used a combustion method 
to convert the measured elements carbon, hydrogen, nitrogen, sulfur, oxygen to simple 
gases as carbon dioxide, hydrogen dioxide, nitrogen gas, sulfur dioxide and oxygen gas. 
These gases were measured as a function of thermal conductivity. A known standard 
was first analyzed to calibrate the analyzer in micrograms. The calibration factor was 
then used to determine unknowns. All quantitation was performed on a weight percent 
basis. 
2.4.6.3 Determination of amino acid composition 
10 mg of sample was weighted out and placed in a 2.0 ml multi-twist top vial. 
0.70 ml of6 N HCI (Sigma H0636) was pi petted into the vial. Nitrogen was purged for 
20 seconds near the top of the vial. The cap was then screwed tightly. All vials were 
put in a desiccator and then purged the whole setup with nitrogen. The desiccator was 
·evacuated continuously for 5 minutes and put in an oven at 110°C for 24 hours. Amino 
acids were released from the samples after acid hydrolysis. The desiccator was 
removed from the oven and let cool. The vials were kept upright to prevent losing the 
contents and placed in an ice bath. The wall of vial was rinsed with 0.25 ml of6 N HCI 
(Sigma H0720). All the content was pipetted out into a new eppendrof tube. The 
eppendrof tubes were placed in a speedvac concentrator and evaporated for overnight 
to remove the HCI from the samples. 0.5 ml of sodium-sulfide was pipetted into the 
tube containing the dried hydrolyzed sample. The sample was mixed thoroughly with a 
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vortex and withdrawn by I ml Terumo syringe. The mixture was filtered through 0.45 
fJ.m Nylo.n Acrodisc filter into a new eppendrof tube. The samples were diluted by 
sodium ~ulfide and stored at 4°C before analysis using an amino acid analyzer 
(Beckman). 
2.4.6.4 Estimation of protein content offruitbody 
Protein content was estimated by multiplying the sample weight with the 
percentage of nitrogen content obtained in previous section, with a factor of 6.25 
(Jandaik and KapooT, 1976). 
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3. Results 
3.1 Identification of two strains 
3.1.1 Determination of growth rate 
Figure 1 shows the mycelial colonies of strains PI-27 and PI-34 on CM agar 
plates. It was difficult to distinguish two strains from their mycelial morphology and 
their growth rate. Table 1 shows the growth rates of strains PI-27 and PI-34. There was 
significant difference in the colony diameters of the two strains of the growth rates at 
days 4 and 5. However, there was no significant difference afterwards. 
3.1.2 Fruitbody morphology 
The fruitbody morphologies of strains PI-27 and PI-34 were shown in Figure 2. 
They were similar to each other. Therefore, it was also hard to distinguish the two 
strains from their morphology. 
3.1.3 Arbitrarily primed polymerase chain reaction (AP-PCR) 
In Figure 3, the M lanes represent the DNA size marker and other lanes were the 
AP-PCR products. Lanes 1 and 3 were AP-PCR products of strains PI-34 and PI-27 
. using M13SQ as arbitrary primer, respectively. Lanes 6 and 8 were AP-PCR products 
of strains PI-34 and PI-27 using Gal K54 as arbitrary primer. When we compared lane 
1 and lane 3, there was no difference between the pattern of bands. In contrast, there 
were differences in Gal K54 products, indicating the two strains were different. It 
implies that strains PI-27 and PI-34 were two different strains. 
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PI-27 PI-34 
Fig. 1. 6-day old colonies of strains PI-27 and PI-34 of Pleurotus pulmonarius on 














































































































































































Fig. 2. Fruitbody morphologies of strains PI-27 and PI-34 of Pleurotus pulmonarius . 
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M M 1 2 3 4 5 6 7 8 9 10 
100-
Fig. 3. The DNA fingerprints of Pleurotus pulmonarius by AP-PCR. 
M, lOO bp ladder as DNA size marker with a brighter band at 600bp. 
Lanes I to 5, MI3 SQ as arbitrary primer; 
Lanes 6 to 10, Gal K54 as arbitrary primer. 
Lanes 1 and 6, strain Pl-34; Lanes 3 and 8, strain PI-27; 
Lanes 2 and 7 another P. pulmonarius strain. 
Lanes 4 and 9, Volvariella volvacea strain V34; 
Lanes 5 and 10, V. volvacea strain V 14. 
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3.1.4 Mating type reaction 
Both the monosporous F 1 isolates of strains PI-27 and PI-34 could form clamp 
connections with Pleurolu .. \' pulmonarius tester isolates (Fig. 4). This implies that they 
were both belonged to the same species. 
3.2 Effect of calcium and manganese on the life cycle of the fungus 
3.2.1 Spore germination 
On basal medium without calcium or manganese, there was no colony formed 
for both strains PI-27 and PI-34. This implies that calcium and manganese were 
necessary and essential for spore germination. The minimum concentrations of soluble 
calcium salts needed for spore germination were 0.001-0.01 mM and 1 mM for strains 
PI-27 and PI-34, respectively (Fig. 5). Calcium chloride was a better salt form than 
calcium acetate because a higher colony count was obtained. For insoluble fonn, 
0.01% calcium carbonate would stimulate spore germination (Fig. 5). Strain PI-34 had 
more colonies formed than strain PI-27. 
The minimum concentration for spore germination of manganese chloride 
needed was 0.1 mM. The optimal concentration for strain PI-27 was 0.1-1 mM and for 
strain PI-34 was 1 mM (Fig. 6). The minimum concentration for spore germination 
using manganese sulfate supplemented medium was 0.01 mM and 0.1 mM for strains 
PI-27 and PI-34, respectively. The optimal concentration was 0.1 mM for both strains 
(Fig. 6). The minimum concentration for spore gennination of manganese acetate 
needed was 0.0001 mM and 0.1 mM for strains PI-27 and PI-34, respectively. 




Fig. 4. Phase contrast light micrographs showing the hypha of 
(a) a dikaryon with clamp connection at septum, and 
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Data is presented as mean of 5 replicates ± SD. 
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Fig. 6. Effect of manganese on spore germination. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
Data is presented as mean of 5 replicates ± SD. 
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3.2.2 Vegetative growth 
3.2.2.1 Biomass study 
Figures 7, 8 and 9 show the effect of metal calcium and manganese on the 
vegetative biomass. Each point represents the mean of five replicates. The bars 
represent the standard deviation. Letters indicate the ranking by Student-Newman-
Keuls test (p<0.05). Adding calcium chloride in media would promote the growth of 
strain PI-34 and played no effect on strain PI-27 (Fig. 7). Adding calcium carbonate in 
media would promote the growth of both strains (Fig. 7). Adding calcium acetate in 
media would inhibit the growth of strain PI-27. In contrast, it would promote the 
growth of strain PI-34 (Fig. 7). 
In general, there was a lethal concentration found at 20 mM for all manganese 
salts (Fig. 8). Under the sublethal concentrations of manganese salts added, there was 
a promotion of vegetative biomass gain for both strains. Adding 1 mM of manganese 
chloride would sharply increase the biomass gain for both strains (Fig. 9). Adding 
0.75 mM and 0.25 mM of manganese sulfate would increase the growth of strains PI-
27 and PI-34, respectively (Fig. 9). Adding 0.75 mM of manganese acetate would 
promote the biomass gain for both strains (Fig. 9). 
3.2.2.2 Medium glucose content 
Calcium chloride would inhibit the glucose utilization of strain PI-27 and did 
not significantly affect that of strain PI-34 (Fig. 1 Q). Calcium carbonate would 
stimulate the glucose utilization of strain PI-27 when 1 % was added and inhibit the 
utilization when 0.75 % was added for strain PI-34 (Fig. 10). There was no significant 
effect on glucose utilization of both strains PI-27 and PI-34 by adding calcium acetate 
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Fig.7. Effect of calcium on biomass of7-day old mycelium. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
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Fig. 8. Effect of manganese on biomass of7-day old mycelium. 
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Fig. 10. Residual glucose contents in calcium salt added media. 
Letters indicate the ranking by Student-Newman-Keuls test (p<0.05). 






Adding 0.75 mM and 0.5 mM manganese chloride would increase the glucose 
utilization for strains Pl-27 and Pl-34, respectively (Fig. 11). Adding 0.25 mM or of 
manganese sulfate for strain Pl-27 would stimulate the glucose utilization. There was 
no significant effect on glucose utilization by adding manganese sulfate for strain PI-34 
(Fig. 11). Strains PI-27 and PI-34 showed the same response towards addition of 
manganese acetate in media. By adding 0.25 mM or more of manganese acetate, there 
was stimulation of glucose utilization (Fig. 11). 
3.2.2.3 Medium protein content 
By adding calcium chloride, there was no significant effect on protein 
secretion by strain PI-27. However, adding 25 and 50 mM of it would inhibit protein 
secretion by strain PI-34 (Fig. 12). For strains PI-27 and PI-34, there was no significant . 
effect on protein secretion by adding either calcium carbonate or calcium acetate (Fig. 
12). 
By adding manganese chloride, protein secretion of both strains PI-27 and PI-
34 would be increased (Fig. 13). There was no significant effect on protein secretion 
~fboth strains by adding manganese sulfate (Fig. 13). By adding manganese acetate, 
there was no significant effect on protein secretion of strain PI-27. For strain PI-34, 
there was an inhibitory effect at 0.25 mM. The protein level dropped to 0 mg/ml (Fig. 
13). 
3.2.2.4 Medium orthophosphate content 
By adding calcium chloride, the utilization of orthophosphate would be 
increased for both strains (Fig. 14). By adding 0.75 % (i.e. 75 mM) of calcium 
carbonate, the utilization of orthophosphate would be increased for strain PI-27. For 
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Fig. 11. Residual glucose contents in manganese salt added media. 
Letters indicate the ranking by Student-Newman-Keuls test (p<0.05). 










.[ 2 2 
... 1.5 1.5 c 
• c 8 a,b 
c 
I 0.5 0.5 b b 
0 0 
0 25 50 75 100 0 25 50 75 















I I I o 
o 25 50 75 100 o 25 50 75 
CaCos added (mM) CaCOs added (mM) 
o 25 50 75 100 o 25 50 75 
Ca Kata .. Mded (mM) Ca aceta .. Mded (mM) 
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Fig. 13. Protein contents of manganese salt added media. 
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strain PI-34, adding calcium carbonate at all levels would increase the 
orthophosphate content in media (Fig. 14). By adding calcium acetate, both strains 
would increase the orthophosphate utilization (Fig. 14). By adding manganese 
chloride, manganese sui fate and manganese acetate in the basal media, the 
orthophosphate content was remained the same or increased for both strains (Fig. 15). 
3.2.2.5 Medium ammonia content 
By adding 25 mM calcium chloride, there was the highest ammonia content in 
the media for both strains (Fig. 16). By adding calcium carbonate in media of strain 
PI-27 culture, there was no significant effect on the ammonia content. For strain PI-
34, adding any amount of calcium carbonate would increase the ammonia content in 
the media (Fig. 16). By adding calcium acetate, the ammonia content in the media of 
strain PI-27 decreased. There was no significant effect in the case of strain PI-34 (Fig. 
16). 
There was no significant effect of manganese chloride on ammonia content 
(Fig. 17). By adding 1 mM manganese sulfate to strain PI-27 media, the ammonia 
content would be decreased. In contrast, by adding 0.25 mM or more to strain PI-34 
media, the ammonia content would be increased (Fig. 17). By adding manganese 
acetate, ranged from 0.25 mM to 0.75 mM, the ammonia content would be increased 
for strain PI-27. For strain Pl-34, a rapid drop was found when added with 0.25 mM. 
However, when added with 0.5 mM or more of manganese acetate, the ammonia 
content was increased (Fig. 17). 
3.2.2.6 Medium metal content 
For soluble calcium salts, there was an increase uptake of calcium from media 
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Fig. 15. Orthophosphate contents in manganese added media. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
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Fig. 17. Ammonia contents in manganese added media. 
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measured in the media (Fig. 18). In the case of insoluble calcium salts, the initial 
concentrations of calcium added were 0, 2500, 5000, 7500 and 10000 ppm by 
calculat~on. The final calcium concentrations measured in post-harvest media were 
much lower than that of initial. Therefore, the higher the initial concentrations, the 
more the depletion of calcium (Fig. 18). In contrast, when added with three 
manganese salts, there was only a little or even no manganese deletion in media for the 
two strains (Fig. 19). 
3.2.3 Fruiting initiation in vitro . 
Figures 20, 21 and 22 show the effects of calcium salts on the fruiting initiation 
of strains Pl-27 and PI-34 in vitro. Figures 23, 24 and 25 show the effects of 
manganese salts on the fruiting initiation of strains PI-27 and PI-34. All calcium salts 
added, i.e. calcium chloride (Fig. 20), calcium carbonate (Fig. 21) and calcium acetate 
(Fig. 22), would promote the fruiting initiation of both strains. In contrast, all 
manganese salts added, i.e. manganese chloride (Fig. 23), manganese sulfate (Fig. 24) 
and manganese acetate (Fig. 25), would retard or even inhibit the fruiting initiation of 
both strains. 
3.2.4 Fruiting 
3.2.4.1 Fruiting yield and biological efficiency 
For calcium soluble salts, adding more than 150 mM would decrease the 
fruiting yield. For insoluble salt, adding more than 3 .% (w/w) (i.e. 300 mM) would 
also decrease the fruiting yield (Fig. 26). For manganese salts, adding 0 to 40 mM in 
straw compost, there was no significant increase of fruiting yield (Fig. 27). 
In terms of biological efficiency which is a term commonly used in mushroom 
science, for calcium soluble salts, adding more than 150 mM would decrease the 
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Fig. 18. Calcium contents in media before and after 7-day mycelial growth. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
line: initial content bar: final content 
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Fig. 26. Fruiting yield ofPleurotus in calcium added straw compost. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
Data is presented as mean of5 replicates ±SD. 
67 
PI-27 PI-34 
300 I b :r 
a 250 J 250 ~ 
-
I 
i I I 
.z::. 200 r- 200 f lit I 
! I 
--
150 :- 150 I ' 
" 
I r :i I 
>- 100 'r l::~I 50 f ~ I I I o ' 
0 10 20 30 40 0 10 20 30 40 
MnC~ added (mM) MnC~ added (mM) 




200 l a,b 200 
a,b a,b 150 150 
100 b 100 
50 50 
0 0 
0 10 20 30 40 0 10 20 30 40 














50.A-__ """ o L-_____ ~ ____ ~ _____ ~ ____ ~ 
o 10 20 30 40 o ~----~----~----~----~ 
Mn acetate added (mM) o 10 20 30 
Mn acetate added (mM) 
Fig. 27. Fruiting yield of Pleurotus in manganese added straw compost. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
Data is presented as mean of 5 replicates ± SD. 
40 
68 
decrease the biological efficiency (Fig. 28). For manganese saits, adding 0 to 40 mM 
in straw compost, there was no significant increase in biological efficiency (Fig. 29). 
3.2.4.2 Metal content in fruitbody 
For calcium chloride, there was a significant increase in calcium translocation 
from substrate to cap when added at 50 mM and 200 mM for PI-27 and PI-34, 
respectively (Fig. 30). However, there was no significant calcium translocation in cap 
when calcium carbonate or calcium acetate was added (Fig. 30). There was a 
significant increase of calcium translocation in stipe when added with calcium 
chloride in compost for strains PI-27 and PI-34 (Fig. 31). By adding calcium 
carbonate, there was no significant effect on calcium translocation to stipe for strain 
PI-27. And there was a significant effect for strain PI-34 when 2 % (i.e. 200 mM) or 
more calcium carbonate was added (Fig. 31). By adding calcium acetate, there was no 
significant effect on calcium translocation to stipe for both strains (Fig. 31). In 
general, there was an increased translocation of manganese in cap (Fig. 32). Besides, 
there was also a significant increase in manganese in stipe (Fig. 33). 
3.2.4.3 The carbon, hydrogen, nitrogen and sulfur contents of fruitbody 
Because of the mechanical failure of the analyzer, only fruitbodies harvested 
from calcium chloride added straw were assayed. There was a significant increase in 
carbon content in the cap of strain PI-34 and a significant decrease of hydrogen content 
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Fig. 28. Biological efficiency of Pie uro tus in calcium added straw compost. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
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Fig. 30. Accumulation of calcium from straw compost into caps of 
Pleurotus pulmonarius fruitbodies. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
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Fig. 31. Accumulation of calcium from straw compost into stipes of 
Pleurotus pulmonarius fruitbodies. 
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Fig. 32. Accumulation of manganese from straw compost into caps of 
Pleurotus pulmonarius fruitbodies. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
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Fig. 33. Accumulation of manganese from straw compost into stipes of 
Pleurotus pulmonarius fruitbodies. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
























































































































































































































































































































































































































































nitrogen content in the cap of strain PI-27 and a significant increase in sulfur content 
in the stipe of strain PI-34 (Table 3). 
3.2.4.4 Total amino acid contents and individual amino acids in fruitbody 
There was a significant increase in total amino acid content in cap of strain 
PI-27 when added with 50 mM calcium chloride and in cap of strain PI-34 when added 
with 50 mM calcium acetate (Fig. 34). There was a significant increase in total amino 
acid content in stipe of strain PI-27 when added with 2 % (i.e. 200 mM) calcium 
carbonate and in stipe of strain PI-34 when added with 50 mM calcium chloride (Fig. 
35). There was a significant increase of total amino acid content in cap of strain PI-27 
when added with 10 mM manganese acetate and in cap of strain PI-34 when added 
with 40 mM manganese sulfate (Fig. 36). There was a significant increase of total 
amino acid content in stipe of strain PI-27 when added with 10 mM manganese 
chloride, 30 mM or 40 mM manganese sulfate. There was a significant decrease in the 
stipe of strain PI-34, when added with manganese acetate (Fig. 37). 
In general, both calcium and manganese did not change the ranking of the three 
most dominant individual amino acids in cap and stipe of fruitbody (Tables 4 to 15). 
The most abundant amino acid was glutamic acid, followed by aspartic acid and 
tyrosine. The concentrations of individual amino acids in cap are higher than those of 
stipe (Tables 4 to 15). 
3.2.4.5 Protein content offruitbody 
By multiplying 6.25 to the nitrogen content, protein contents of fruitbodies 
cultivated on calcium chloride added straw were obtained (Table 16). There was no 
significant difference in cap of fruitbodies of both strains. However, there was a 
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Fig. 34. Effect of calciwn on total amino acid content in cap of 
Pleurolus pulmonarius fruitbodies. 
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Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 
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Fig. 35. Effect of calcium on total amino acid content in stipe of 
Pleurotus pulmonarius fruitbodies. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 










J 400 a a 400 b 
~ 
'a 300 a 300 
~ b 
.. 







0 10 20 30 40 0 10 20 30 
MnC'2 added (mM) MnC'2 added (mM) 
600 600 
SOO SOO 






0 10 20 30 40 0 10 20 30 
MnSO" added (mM) MnSO" added (mM) 
900 900 a 
800 800 
700 700 
600 a 600 a 
500 500 b b 





0 10 20 30 40 0 10 20 30 
Mn acetate added (mM) Mn aceta .. added (mM) 
Fig. 36. Effect of manganese on total amino acid content in cap of 
Pleurotus pulmonarius fruitbodies. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 











400 a 400 
.t:: 
at 
J 300 300 ~ 
" 
b a a 
~ C C 





0 10 20 30 40 0 10 20 30 
MnC~ added (mM) MnC~ added (mM) 
500 SOO 
400 400 
300 a a 300 




0 10 20 30 40 0 10 20 30 
MnS04 added (mM) MnS04 added (mM) 
SOO 500 
400 400 





0 10 20 30 40 0 10 20 30 
Mn acetate added (mM) Mn acetate added (mM) 
Fig. 37. Effect of manganese on total amino acid content in stipe of 
Pleurotus pu!monarius fruitbodies. 
Letters indicate the ranking by Student-Newman-Keuls test (p<O.05). 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.1 Effects of calcium and manganese on spore germination 
, Of several criteria used to measure spore germination, the most widely used 
was the emergence of germ tubes (Matcham et aI., 1984). However, due to the 
large sample sizes up to about 5,000 spores per treatment in this study, the 
measurement of spore germination was in terms of mycelial colony forming unit. 
This is a sensitive method and measures quantitatively rather than qualitatively. 
Once there was a mycelial colony formed, it was counted as one germinated spore. 
This method is easy and convenient to be carried out. 
The pH of medium would affect germination. The optima for most fungi 
tended to be slightly acidic (Stamets, 1993). Beside, the pH buffer used in my study 
was PIPES, which had a good solubility range at pH 6.8-7.0 (Good et a/., 1966). 
Therefore, a pH of 6.8 was chosen. In addition, light had also been demonstrated to 
affect germination in many cases (Stamets, 1993). In order to minimize the errors, 
all agar plates were placed in darkness immediately after inoculation. 
From the results (Figs. 5 and 6), both calcium and manganese were essential 
elements for spore germination of Pleurotus pulmonarius. The control medium 
without metal added showed no sign of spore germination. Strain PI-27 showed 
similar responses towards two soluble calcium salts, calcium chloride and calcium 
acetate (Fig. 5). Basidiospores of strains PI-27 and PI-34 could tolerate higher 
concentration of soluble calcium than that of insoluble salt. When added with up to 
10 mM of calcium chloride (i.e. 1470 ppm Ca) and 10 mM of calcium acetate (i.e. 
1580 ppm Ca), there was still spore germination. In contrast, there was no spore 
96 
germination when 10% of calcium carbonate (i.e. 1000 ppm Ca) was added to the 
agar. Strain PI~34 needed more soluble calcium salts for initiation of spore 
germina~ion when compared with strain PI-27. Strain PI-27 was more sensitive to 
calcium (Fig. 5). 
Strains PI-27 and PI-34 showed similar responses towards different 
manganese saIts forms, manganese chloride, manganese sulfate and manganese 
acetate (Fig. 6). However, strain PI-27 was more sensitive than that of strain PI-34. 
There was an inhibition of spore germination at the presence of 10 mM of 
manganese sulfate and manganese acetate to strain PI-27. Both calcium and 
manganese exhibited similiar effects to the basidiospores. 
4.2 Effects of calcium and manganese on vegetative growth 
4.2.1 Biomass study 
Stain PI-27 responded very differently to different calcium salt forms (Fig. 
6). It showed that anions also played an important role for the growth. On the other 
hand, strain PI-34 reacted consistently to different anions (Fig. 7). Stain PI-34 was 
.not sensitive to different anions, and addition with different calcium saIt forms 
would promote the biomass gain. Thus, the effect of calcium on vegetative growth 
was strain specific. 
In my study, the mechanisms of Pleurotus pulmonarius used to survive or 
tolerate the high metal concentrations were not examined. However, there were 
many proposed ways from the literature (Gadd, 1986, 1990, 1993~ Volesky, 1990; 
Mehra and Winge, 1991). Fungal survival in the presence of high concentration of 
metal mainly depended on intrinsic biochemical and structural properties, 
physiological and! or genetical adaptation, including morphological changes, and 
97 
environmental modification of metal speciation, availability and toxicity. 
Biological mechanisms ' implicated in fungal survival included extracellular 
precipi~tion, complexation and crystallization, transformation of metal species by, 
e.g. oxidation, reduction, methylation and dealkylation, biosorption to cell walls, 
pigments and extracellular polysaccharide, decreased transport or impermeability, 
efflux, intracellular compartmentation and precipitation and! or sequestration 
(Gadd, 1993). 
Both calcium and manganese were considered to be the essential metals for 
orgamsms. · The s-block element calcium was present in relatively high 
concentration in biological systems and may be classified as bulk metals. The d-
block element manganese was present often at extremely low levels and are usually 
described as the trace and ultra-trace metals (Hughes and Poole, 1989). Although 
organisms could not survive without essential metals, they may also exert toxic 
effects at high concentrations. There was a minimum inhibitory concentration of 
manganese at 20 mM for both strains (Fig. 8). This toxic effect may be caused by 
the blocking of functional groups of biologically important molecules (e.g. enzymes 
and transport systems for essential nutrients and ions), the displacement and! or 
substitution of essential metal ions from biomolecules and functional cellular units, 
conformational modification, denaturation and inactivation of enzymes and 
disruption of cellular and organellar membrane integrity (Gadd, 1993). A 
prerequisite for direct toxic interactions was contact between the active metal 
species and cellular components (Gadd and White, 1989). Indirect mechanisms of 
metal toxicity may involve free radicals, which were deleterious to cells as they 
could take part in chain reactions which involved the breakdown of biological 
98 
marcomolecules (Gadd and White, 1989). However, under sublethal 
concentrations of manganese added, there was a promotion of vegetative biomass 
gain (Fi,g. 9). [t proved that manganese exhibited an unique function for the growth 
of Pleurotus pulmonarius. 
4.2.2 Glucose utilization 
The colorimetric method used was not subjected to the interference of the 
metal added as shown in Table 17. The concentration of glucose in basal medium is 
20 mg/mt. 
Glucose is the most widely utilized carbon source since it is t~e most 
common sugar, found in cellulose, starch, and other polysaccharides. Most of the 
fungi that had been tested were able to utilize glucose as a sole source of carbon and 
energy for routine and rapid growth (Griffin, 1994). In my study, calcium and 
manganese did not affect glucose utilization (Figs. 10 and 11). Besides, there was 
no direct relationship found between the fungal growth and the glucose utilization 
in my study (Figs. 7, 9, 10 and 11) . 
. 4.2.3 Protein secretion 
The protein assay kit applied in this study is based on the reaction of protein 
with an alkaline copper tartrate solution and Folin reagent. There were two steps 
which lead to color development: the reaction between protein and copper in an 
alkaline medium, and the subsequent reduction of Folin reagent by the copper-
treated protein. The possibility of interference caused by metals was checked and 
the results are shown in Table 18. There was no interference occurred in the 
preliminary test for calcium and manganese at the concentration ranges, 0-100 ppm 
and 0-10 ppm, respectively. 
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Table 17. Metal interference on glucose test. 
Metal concentration Glucose concentration Absorbance reading AS40nm 
0 0 O.OOl±O.OOO 
100 ppm Ca 0 0.001±0.005 
100ppmMn 0 0.001±0.012 
0 0.4 mg/ml 0.130±0.002 
100 ppmCa 0.4 mg/mt 0.136±O.001 
100 ppm Mn 0.4 mg/ml 0.126±0.020 
0 0.8 mg/ml O.418±0.001 
100 ppm Ca 0.8 mg/ml 0.402±0.009 
100 ppm Mn 0.8 mg/ml 0.4l1±O.156 
Data is presented as mean of three replicates ± SO. 
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Table 18. Metal interference on protein test. 
Metal concentration Protein concentration Absorbance reading ~9Onm 
0 o mg/ml 0.049±O.002 
100 ppm Ca o mg/mt 0.047±O.001 
.-
10ppmMn o mg/mt 0.052±O.002 
0 0.6 mg/mt 0.261±0.009 
100 ppm Ca 0.6 mg/mt 0.302±O.O27 
10ppmMn 0.6 mg/mt 0.296±O.OO5 
0 1.2 mg/ml O.419±0.018 
100 ppm Ca . 1.2 mg/ml 0.434±O.028 
10ppmMn 1.2 mg/ml 0.440±0.029 
Data is presented as mean of three replicates ± SO. 
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The protein content which measured may be composed of different kinds of 
enzymes. Fungi are active producers of various extracellular enzymes as most fungi 
are sap~otrophic, decomposing a wide variety of substrates. Enzymes were the 
fundamental units of metabolism, which catalyze individual steps in the complex 
network of chemical reactions. In my study, there was no relationship found 
between protein content and the fungal growth in my study (Figs. 7, 9, 12, and 13). 
Also addition of metal did not affect the protein content, too (Figs. 12 and 13). 
4.2.4 Orthophosphate utilization 
From the following table, it is shown that there was no interference of the 
measurements by metals in the preliminary test for metals calcium and manganese 
at the concentration ranges, 0-100 ppm and 10 ppm, respectively (Table 19). 
Fungi and bacteria could form intracellular polyphosphate acting as stores 
of phosphorus (Jennings. 1989). These crystals were also involved in the 
maintenance of the cation or anion balance within fungi. The amounts of basic 
amino acids may be linked to the negative charges of polyphosphate. However, 
. under certain conditions, bivalent cations, particularly the magnesium and 
manganous ions, could also be so linked. The fact that bivalent cation could be 
associated with polyphosphate may be part of those processes required to regulate 
the concentration of this bivalent cation within the cytoplasm, where it played a 
significant role in phosphorus metabolism. With respect to the more general matter 
of cation! anion balance within a fungus, it was known that orthophosphate would 
also contribute to the total negative charge within the cell (Jennings. 1989). The 
orthophosphate content may therefore represent the ionic balance within the cell. 
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Table 19. Metal interference on orthophosphate test. 
Metal concentration Orthophosphate Absorbance reading A,sso run 
concentration added 
0 0 O.OO4±O.O05 
100 ppm Ca 0 0.OlO±0.OO3 
10ppmMn 0 0.008±0.OO6 
0 0.5 ppm 0.048±0.006 
lOOppmCa 0.5 ppm 0.060±0.005 
lOppmMn 0.5 ppm 0.059±O.OO9 
0 2.0ppm 0.158±0.009 
100 ppm Ca 2.0 ppm 0.168±0.OO7 
lOppmMn 2.0 ppm O.160±O.O05 
Data is presented as mean of three replicates ± SD. 
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There were significant uptakes of orthophosphate by both the mycelia of 
strains PI-27 and PI-34 . in the presence of soluble calcium salts (Fig. 14). The 
uptake of orthophosphate may be used to compensate the positive charge of 
calcium which translocated from media to mycelia. However, there was no 
orthophosphate uptake when insoluble calcium salts and different manganese salts 
added (Figs. 14 and 15). It may indicate that there was no calcium or manganese 
translocation. This could be checked at section 4.2.6 again later. Besides, the 
orthophosphate content was even slightly increased in some cases. It may due to the 
release of phosphates from internal storage (Jennings, 1989). However, the 
mechanisms of phosphates release is uncertain. 
4.2.5 Ammonia content study 
As shown in the Table 20, the addition of metal does not affect the 
sensitivity of the assay method. 
Some fungi could use diverse sources of nitrogen including ammonium, 
nitrite, nitrate, numerous amino acids, acetamide, purines and proteins (J ennings, 
. 1989). Ammonium, glutamate and glutamine tend to be the favored sources; use of 
the others requires the synthesis of the necessary enzymes or activation of 
previously existing enzymes. The utilization of ammonia / ~-N by fungus could 
be an indicator of growth. However, in my study, there was no relationship between 
the fungal growth and the ammonia utiliZation. Besides, there was no metal effect 
on ammonia utilization in general (Figs. 16 and 17). The amount of ammonia in the 
basal medium is 545 ppm. By comparison, fungi grew in calcium added medium 
used up much more ammonium than that of in manganese. 
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Table 20. Metal interference on ammonia test. 
Metal concentration Ammonia Absorbance reading A660 mn 
concentration added 
0 Oppm 0.004±0.002 
100 ppm Ca Oppm 0.OO8±0.OO3 
10ppmMn Oppm 0.O05±O.003 
0 4ppm 0.140±O.015 
100 ppm Ca 4ppm O.130±O.OO5 
10ppmMn 4ppm O.132±O.OO4 
0 10ppm 0.171+0.005 
100 ppmCa 10ppm 0.165±O.OO9 
10ppmMn 10ppm 0.167±O.OO5 
Data is presented as mean of three replicates ± SD. 
105 
4.2.6 Metal content study 
There was only trace amount of dry mass obtained after 7 days incubation, it 
was difficult to use the standard method, to ash and acid hydrolysis of the biomass, 
for the measurement of metal content. The metal uptake was thus measured in 
terms of the differences between the initial and final concentration of metal in the 
medium. 
Metal uptake by fungi is generally comprised two phases. The first is 
metabolism-independent surface binding while the second is energy-dependent 
intracellular influx (Gadd, 1986). In my study, the calcium uptake by fungi (Fig. 
18) probably involved both mechanisms. Wall binding was rapid, often taking less 
than a few minutes and amounts bound can be large. Energy-dependent influx 
proceeded at a slower rate than surface binding. 
For the insoluble calcium salt, calcium carbonate, the initial metal 
concentrations (0.0, 0.25, 0.50, 0.75 and 1.0%) were 0,2500,5000, 7500 and 10000 
ppm by calculation. Both strains could uptake all different calcium salts from 
. medium (Fig. 18). The higher the initial calcium concentration, the higher the 
amount of metal uptake. In contrast, my data showed there was no manganese 
uptake by both strains (Fig. 19). It was not a surprising result when measurement 
concerned only at ppm level. Because manganese was an essential micronutrient, 
fungi may just take up trace amount of it. The depletion of manganese in medium 
was therefore not observed by atomic absorption spectrometry. 
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4.3 Effects of calcium and manganese on fruiting initiation 
Calcium was definitely a good element to fruiting initiation. Both strains 
gave an increased initiation percentage when different calcium salts were added 
(Figs. 20, 21 and 22). On the other hand, adding manganese caused a retardation or 
even an inhibition on the fruiting initiation (Figs. 23, 24 and 25). Strain PI-27 was 
more seftsitive than that of strain PI-34. There was no fruiting initiation of strain 
PI-27 when added with 20 mM manganese sulfate or 20 mM manganese acetate. 
But still strain PI-34 could initiate for both cases. There were brown pigment found 
under the area of inoculated stipe after incubation for several days. The brown 
pigment may be the production of manganese dioxide (Mn02) by enzymatic 
activities (Timonin, Illman and HartgerinI972). 
4.4 Effects of calcium and manganese on fruiting 
Tables 21, 22 and 23 showed the amount of metal added into each bag (g 
metal salt/800 g substrate). 
Most of the Pleurotus spp. had strong enzyme system and were capable of 
. utilizing complex organic compounds, such as industrial by-product (Khan and 
Chaudhary, 1989) and agricultural waste (Mueller et aI., 1985; Bisaria et al., 1987; 
Danai et aI., 1989). Due to the increasing problems by different kinds ofpollutions, 
the mushroom farmers had to pay more concerns on the bedding material for 
mushroom cultivation. The metal content of the substrate may play an important 
role on the fruiting yield, the crop quality, the nutrient value and the marketing 
pnces. 
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Table 21. Amount of soluble calcium salts added into each bag (g metal salt! 
800 g substrate). 
Metal 50 mM 100 mM 150 mM 200 mM 
CaCh 3.53 7.06 10.58 14.41 
CaAc 3.80 7.59 11.39 15.18 
Table 22. Amount of calcium carbonate added into each bag (g metal salt! 
800 g substrate). 
Metal 100 mM 200 mM 300 mM 
CaC03 8.00 16.00 24.00 
Table 23. Amount of manganese added into each bag (g metal salt! 800 g 
substrate ). 
Metal 10 mM 20 mM 30 mM 
MnCh 0.95 1.90 2.85 
MnS04 0.81 1.62- 2.43 








4.4.1 Fruiting yield (biological efficiency) 
As stated in the introduction, calci urn is usually added to the substrate to 
adj ust pH and to minimize airborne contamination. Besides, manganese will 
promote the substrate utilization by the fungi. However, in my study, the fruiting 
yield of both strains were not improved by adding either calcium or manganese in 
the straw (Figs. 25 and 26). It may due to the substrate used. Different straws 
exhibited different composition (Danai et aI., 1989). The basal metal contents of 
the straw compost which I used were shown as Table 24. 
Straw is a very complicated material. It is composted of hemicellulose, 
lignin, organic matter, minerals, metals and crude protein, etc. When metal added 
into the straw, it is hard to predict the chemical reactions/ interactions within the 
compounds. 
It was clear that adding too high a concentration of calcium would drop the 
fruiting yield of Pleurotus (Fig. 26). Therefore, mushroom farmers have to select 
the cultivation substrate carefully_ Although there was no effect shown when 
.substrates were added with high concentrations of manganese, the fruiting time of 
the mushroom was doubled. It usually took about two to three weeks for mycelium 
running before fruiting. However, when added with manganese, it took one month 
or more for the mycelium to completely cover the compost. Table 25 shows the 
time for mycelium to fully colonize the substrate when added with different metal 
salts. 
4.4.2 Metal content in fruitbodies 
There were many evidences showing that mushrooms could accumulate 
metal in their fruitbodies (Tyler, 1980~ Lepsova and Mejstrik, 1989~ Sanglimsuwan 
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Table 24. Metals content of straw. 
Metal Ca Mn Pb Cd Ni 
Content in straw (ppm) 2.20 0.1967 0.00 0.00 0.00 
Table 25. Time needed for mycelium to fully colonize the substrate with 
different metal salts. 
Metal salt added Time for colonization (days) 
Strain PI-27 StrainPl-34 
CaCl2 15 15 
CaC03 21 20 
CaAc 21 21 
MnCh 44 40 
MnS04 35 37 
MnAc 31 40 
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et aI., 1993; Gabriel et al., 1994). My research data showed the metal contents of 
stipe were higher than those of cap (Figs. 30, 31, 32 and 33). It is not hard to 
understand such phenomenon. One of the functions of cap is to produce spores for 
propagation. From the previous section, we knew that spores are the most sensitive 
stage towards metal contamination. Therefore, cap had to protect spores from 
damaging by metal stress. Further, vegetative mycelium is in direct contact with the 
straw compost, and if a metal is translocated from the vegetative mycelium, it must 
pass through the stipe which supports and connects to the cap. 
The metal content in fruitbodies was measured in terms of the total amount. 
By doing a simple experiment, placed a fruitbody into 200 ml of either distilled 
water or IN HCI for two hours, we could distinguish the contribution from 
absorption (energy-dependent) or adsorption (surface binding) by measuring the 
metal content of the solution. Tables 26 and 27 show the total metal content in 
fruitbodies was mainly from the cytoplasm and only trace amount came from the 
surface. The metal content from adsorption was then negligible. 
·4.4.3 Carbon, hydrogen, nitrogen, protein and sulfur contents in fruitbodies 
In the view of the current energy and food crisis, there was an urgent need 
for the mushroom industry to reconsiqer the value of mushrooms and their future 
status in a society which was becoming much more aware and conscious of the cost 
and value of foods situation (Hayes and Haddad, 1-976; Chang and Miles, 1991; 
Royse, 1995). Because mushroom was now taken an important role in food 
industry, the food values in terms of crude protein, fat, carbohydrates and dietary 
fiber were being focused. The carbon, hydrogen, nitrogen and sulfur contents 





































































































































































































































































































































































































































































































































example, the nitrogen content could be converted into crude protein content by 
multiplying a factor of6.25 (Hayes and Haddad, 1976). There was little doubt that 
the ge~eral practice of expressing protein as crude protein (i.e. Nitrogen x 6.25) did 
. not give a true value for protein (Hayes and Haddad, 1976~ Fujihara et aI., 1995, 
since some nitrogenous constituents of the cell were not in form of protein, e. g. 
nucleic acids, urea, chitin and chitosans. However, up to this moment, the 
multiplication of factor 6.25 is still the conventional way for expression of protein 
content in mushrooms. Therefore, this universal standard method was applied in 
my study. In general, there was no effect of the metals on the carbon, hydrogen, 
nitrogen and sulfur content of the fruitbody (Tables 2 and 3). 
4.4.4 Amino acid content in fruitbodies 
In common with most vegetables, mushrooms contained a high proportion 
of water. On a dry weight basis they were richer in protein than any comparable 
fruit or vegetable and could claim to be a 'protective food' containing various 
amino acids in varying concentrations (Jandaik and Kapoor, 1976). The study of 
Khanna and Garcha (1984) indicated that P leurotus spp. were rich in crude protein 
content having digestibility values higher than many vegetable protein. In my 
study, the three most abundant amino acids were glutamic acid, aspartic acid and 
tyrosine in all fruitbodies (Tables 4 to 15). Besides, it was quite strange that there 
was no metal effect on the abundance of the individual amino acids. 
The total amino acid content of cap was generally higher than that of stipe 
(Figs. 34, 35, 36 and 37). This might be because caps have to supply nutrient for 
spore dispersal. Although in many cases, there was no significance increase of total 
amino acid by adding calcium or manganese. Adding 50 mM of calcium chloride 
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and 10 mM manganese acetate to strain PI-27, and 100 mM of calcium acetate, 30 
mM of manganese chloride and 40 mM of manganese sui fate to strain PI-34 gave 
the maximum total amino acid content in cap. 
4.5 Response of different stages towards metals 
It was observed that the metal tolerance of the mushroom is the highest at 
the stage of fruiting, followed by fruiting initiation, and then vegetative growth and 
finally spore germination. That is, spore was the most vulnerable stage i~ the 
mushrooms. It is very important because spores are responsible for the dispersal 
and therefore propagation of fungal species. As a consequence, there was unlikely 
spore germination if the environment was heavily metal-polluted. As a result, 
extinction of certain fungal species in those particular places may occur. 
From experiments of vegetative growth and fruiting initiation, the lethal 
concentration of manganese was found to be 20 mM and 40 mM, respectively. 
However, mycelium running did take place in straw supplemented with 40 mM 
manganese. Such tolerance of high manganese concentration in straw might be due 
. to the complexity of the substrates with the presence of chelating agents. As a result, 
mushrooms could survive a higher metal concentration in vivo. 
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5. Conclusion 
Two oyster mushroom strains responded differently in some aspects in the 
presence of metal1ic compounds. Different metal salts exhibited different effects on 
the fungi. The metal effects were both strain-specific and anion-specific. ' 
Calcium and manganese were essential for spore germination and could 
improve the vegetative growth under sublethal concentration. Adding calcium has 
beneficial effect in stimulating fruiting initiation in vitro. In contrast, adding 
manganese would retard or inhibit the fruiting initiation in vitro. Calcium is 
complicated. At concentrations above 100 mM, reduction in biological efficiency was 
observed. No generalized pattern could be concluded at lower concentrations of 
calcium salts. Biological efficiency was reduced or not affected by manganese except 
20 mM MnS04 in the case of strain PI-27. The fruiting time of mushrooms grew with 
manganese added substrates doubled. 
There was metal translocation from substrate to both mycelium and fruitbodies 
of fungi. There was no direct relationship between glucose utilization, protein 
secretion and ammonia content with both the fungal growth and the metal added. 
However, the orthophosphate content may act as an indicator of the amount of calcium 
uptake in the mushroom. For the nutrient contents (the total amino acid content and the 
carbon, hydrogen, nitrogen and sulphur contents), no difference had been found 
regardless of the addition of metallic salts. 
My study did show that the metals when added, affect mycelial growth, fruiting 
initiation, fruiting time and the metal uptake. Therefore, care has to be taken in 
supplementing the substrate with metals. 
116 
6. References 
Auling, G. (1994) Manganese: Function and transport in fungi. In Metal Ions in Fungi, eds. 
Winkelmann, G. and Winge, D.R., pp. 215-236. Marcel Dekker, Inc.: New York. 
Avery, S. V. and Tobin, J.M. (1993) Mechanism of adsorption of hard and soft metal ions to 
Saccharomyces cerevisiae and influence of hard and soft anions. Applied and 
Environmental Microbiology 59: 2851-2856. 
Babich, H. and Stotzky, G. (1977) Sensitivity of various bacteria, including actinomycetes, 
and fungi to cadmium and the influence of pH on sensitivity. Applied and 
Environmental Microbiology 33: 681-695. 
Babich, H. and Stotzky, G. (1978) Toxicity of zinc to fungi, bacteria, and coliphages: 
influence of chloride ions. Applied and Environmental Microbiology 36: 906-914. 
Babich, H. and Stotzky, G. (1981) Manganese toxicity to fungi: Influence of pH. -Bulletin of 
Environmental Contamination and Toxicology 27: 474-480. 
Bano, Z., Nagaraja, K.V., Vibhakar, S. and Kapur, O.P. (1981) Mineral and the heavy 
metal contents in the sporophores of Pleurotus species. Mushroom Newsletter for 
the Tropics 2: 3-7. 
Bi, Z., Zheng, G. and Li, T. (1993) The Macrofungus Flora of China's Guangdong 
Province, pp. 239-244. The Chinese University Press: Hong Kong. 
Bisaria, R., Madan, M. and Bisaria, V.S. (1987) Mineral content of the mushroom 
Pleurotus sajor-caju cultivated on different agro-residues. Mushroom Journal for 
the Tropics 7: 53-60. 
Boid, H.C., Alexopoulos,C.J. and Delevoryas, T. (1987) Morphology of Plants and Fungi, 
pp 678-800. Harper and Row, Publishers, Inc: New York. 
Bonnarme, P. and Jeffries, T.W. (1990) Mn(II) regulation of lignin peroxidases and 
manganese-dependent peroxidases from lignin-degrading white rot fungi. Applied 
and Environmental Microbiology 56: 210-217. 
Bononi, V.L.R., Maziero, R. and Capelari, M. (1991) Pleurotus ostreatoroseus cultivation 
in Brazil. In: Mushroom Scinece XIII, ed. Maher, M.J., pp. 531-532, Balkema, 
Rotterdam: Nerthland. 
Borbolla, M. and Pena, A. (1980) Some characteristics of Ca2+ uptake by yeast cells. The 
Journal of Membrane Biology 54: 149-156. 
Borst-Pauwels, G.W.F.H. (1981) Ion transport in yeast. Biochimica et Biophysica Acta 650: 
88-127. 
Boyle, C.D., Kropp, B.R. and Reid, 1.0. (1992) Solubilization and mineralization of lignin 
by white rot fungi. Applied and Environmental Microbiology 58: 3217-3224. 
117 
Bresinsky, A., Fischer, M., Meixner, B. and Pauius, W. (1987) Speciation in !)Ieurolus. 
Mycologia 79: 234-245. 
Brown, lA., Alic, M. and Gold, M.H. (1991) Manganese peroxidase gene transcription in 
Phanerochaele chrysosporium: Activation by manganese. Journal of Bacteriology 
173: 410 1-4 t 06. 
Brown, lA., Glenn, J.K. and Gold, M.H. (1990) Manganese regulates expression of 
manganese peroxidase by Phanerochaete chrysosporium. Journal of Bacteriology 
172: 3125-3130. 
Byrt, P.N., Irving, H.R. and Grant, B.R. (1982) The effect of cations on zoospores of the 
fungus Phytophthora cinnamomi. Journal of General Microbiology 128: 1189-
1198. 
Camarero, S., Bockle, B., Martinez, M.I and Martinez, A.T. (1996) Manganese-mediated 
lignin degradation by Pleurotus pulmonarius. Applied and Environmental 
Microbiology 62: 1070-1072. 
Cameron, I.E. and LeJohn, H.B. (1972) On the involvement of calcium in amino acid 
transport and growth of the fungus Achlya. Journal of Biological Chemistry 247: 
4729-4739. 
Chang, S.T. and Hayes, W.A. (1978) The Biology and Cultivation of Edible Mushrooms. 
Academic Press, Inc.: New York. 
Chang, S.T. and Miles, P.G. (1991) Recent trends in world production of cultivated edible 
mushrooms. Mushroom Journal 504: 15-18. 
Cheung, W.Y. (1986) Calcium and Cell Function Xl, pp. 1-355. Academic Press, Inc.: 
Orlando. 
Chiu, S.W., Chen, M.J. and Chang, S.T. (1995) Differentiating homothallic Volvariella 
mushrooms by AP-PCR and RFLPs. Mycological Research 99: 333-336. 
Connier, M.J., Anderson, J.M., Charbonneau, H., Jones, H.P. and McCann, R.O. (1980) 
Plant and fungal calmodulin and the regulation of plant NAD kinase. In Calcium 
and Cell Function I, ed. Cheung, W.Y., pp. 201-218. Academic Press Inc.: London. 
Cox, I.A., Ferraz, C., Demaille, J.G., Perez, R.O., Tuinen, D. and Manne, D. (1982) 
Calmodulin from Neurospora crassa. The Journal of Biological Chemistry 257: 
10694-10700. 
Danai, 0., Levanon, D. and Silanikove, N. (1989) Cotton straw silage as a substrate for 
Pleurotus sp. cultivation. In Mushroom Science XII, ed. Centre for Agricultural 
Publishing and Documentation, pp. 81-90. N. V. Noord-Nederlandse Drukkerij, 
Meppel: The Netherlands. 
118 
Detroy, R.W. and Ciegler, A. (1971) Induction of yeastlike development in Aspergillus 
parasiticus. Journal of General Microbiology 65: 259-264. 
Elander, R.P. and Lowe, D.A. (1992) Fungal biotechnology: An overview. In Handbook of 
Applied Mycology, eds. Arcra, D.K., Elander, R.P. and Mukerji, K.G., pp. 1-34. 
Marcel Dekker, Inc.: New York. 
ElIoT, T. (1995) Development ofpre-inoculated oyster mushroom (Pleurotus spp.) blocks. 
Mushroom News 43:5-9 
Elsbach, P., Weiss, 1. and Kao, L. (1985) The role of intra membrane Ca2+ in the hydrolysis 
of the phospholipids of Escherichia coli by Ca2+-dependent phospholipases. The 
Journal of Biochemical Chemistry 260: 1618-1622. 
Fleff, P.B. and Maw, G.A. (1976) Mushrooms and their possible contribution to world 
protein needs. Mushroom Journal 48: 396-405. 
Frazer, L.N. and Moore, D. (1993) Antagonists and inhibitors of calcium accumulation do 
not impair gravity perception though they adversely affect the gravitropic responses 
of Coprinus cinereus stipes. Mycological Research 97: 1113-1118. 
Freeland-Graves, 1.H., Bales, C.W. and Behmardi, F. (1987) Manganese requirements of 
humans. In Nutritional Bioavailability of Manganese, ed. Kies, C., pp. 91-104. 
American Chemical Society: Washington, DC. 
Fujihara, S., Kasuga, A., Aoyagi, Y. and Sugahara, T. (1995) Nitrogen-to-protein 
conversion factors for some common edible mushrooms. Journal o/Food Science 
60: 1045-1047. 
Gabriel, J., Mokreis, M., Bily, J. and Rychlovsky, P. (1994) Accumulation of heavy metals 
by some wood-rotting fungi. Folia Microbiology 39: 115-118. 
Gadd, G.M. (1986) Fungal responses towards heavy metals. In Microbes in Extreme 
Environments, eds. Herbert, R.A. and Codd, G.A., pp. 83-110. Academic Press, 
Inc.: London. 
Gadd, G.M. (1990) Metal tolerance. In Microbiology of Extreme Environments, pp. 178-
210. Open University Press: London. 
Gadd, G.M. (1993) Interactions of fungi with toxic metals. The New Phytologist 124: 25-
60. 
Gadd, G.M. and White, C. (1989) Heavy metal and Tadionuclide accumulation and toxicity 
in fungi and yeasts. In: Metal-Microbe Interactions, eds. Poole, R.K. and Gadd, 
G.M., pp. 19-38. Oxford University Press: Oxford. 
Gangola, P. and Rosen, B.P. (1987) Maintenance of intracellular calcium in Escherichia 
coli. The Journal o/Biological Chemistry 262: 12570-12574. 
119 
Gilly, W.M.F. and Scheuer, T. (1984) Contractile activation in scorpion striated muscle 
fibres with multiple neuromuscular junctions. Journal of General Physiology 84: 
321-345. 
Good, N.E., Winget, G.D., Winter, W., Connolly, T.N., Izawa, S. and Singh, R.M.M. 
(1966) Hydrogen ion buffers for biological research. Biochemistry 5: 467-477. 
Gounot, A. (1994) Microbial oxidation and reduction of manganese consequences in 
groundwater and applications. FEMS Microbiology Reviews 14: 339-350. 
Griffin, D.H. (1994) Fungal Physiology: 423 pp. Wiley-Liss, Inc.: New York. 
Hamad, A.F. and Gallon, J.R. (1981) Calcium ions, oxygen and acetylene reduction 
(nitrogen fixation) in the unicellular cyanobacterium Gloeocapsa sp. 1430/3. 
Journal of General Microbiology 125: 391-398. 
Hayes, W.A. and Haddad, N. (1976) The food value of the cultivated mushroom and its 
importance to the mushroom industry. Mushroom Journal 40: 104-110 . . 
. Houdeau, G., Olivier, IM., Libmond, S. and Bawadikji, H. (1991) Improvement of 
Pleurotus cultivation. In Science and Cultivation of Edible Fungi, ed. Maher, M.J., 
pp. 549-554. Balkema, Rotterdam: Nerthland. 
Hubbard, M., BradIey, M., Sullivan, P., Shepherd, M. and Forrester, I. (1982) Evidence for 
the occurrence of caImodulin in the yeasts Candida albicans and Saccharomyces 
cerevisiae. FEBS Letters 137: 85-88. 
Hughes, M.N. and Poole, R.K. (1989) Metals and Micro-organisms, pp. 163-176. 
Chapman and Hall: New York. 
Hughes, M.N. and Poole, R.K. (1991) Metal speciation and microbial growth: the hard (and 
soft) facts. Journal of General Microbiology 137: 725-734. 
Iida, H., Sakaguchi, S., Yagawa, Y. and Anraku, Y. (1990) Cell cycle control by Ca2+ in 
Saccharomyces cerevisiae. The Journal of Biological Chemistry 265: 21216-
21232. 
Iracabal, B., Zervakis, G. and Labarere, J. (1995) Molecular systematics of the genus 
Pleurotus: analysis of restriction polymorphisms in ribosomal DNA. Microbiology 
141: 1479-1490. 
Irving, H.R. and Grant, B.R. (1984) The effect of calcium on zoospores differentiation in 
Phytophthora cinnamomi. Journal o/General Microbiology 130: 1569-1576. 
Jain, S.K., Gujral, G.S., Jha, N.K. and Vasudevan, P. (1988) Heavy metal uptake by 
Pleurotus sajor-caju from metal-enriched duckweed substrate. Biological Wastes 
24: 275-282. 
Jandaik, C.L. and Kapoor, IN. (1976) Amino acid composition of mushroom Pleuro/us 
sajor-caju (Fr.) Singer. Mushroom Journal 41: 154-156. 
120 
Jennings, D.H. (1989) Some perspectives on nitrogen and phosphorus metabolism in fungi. 
In The Physiology of Fungal Nutrition, eds. Boddy, L., Marchant, R. and Read, 
DJ., pp. 1-31. Cambridge University Press: Cambridge. 
Jennings, D.H. (1994) Translocation in mycelia. In The Mycota I: Growth, Differentiation 
and Sexuality, pp. 163-173. Springer-Verlag: Berlin Heidelberg: 
Kerem, Z. and Hadar, Y. (1993) Effect of manganese on lignin degradation by Pleurotus 
ostreatus during solid-state fennentation. Applied and Environmental 
Microbiology 59: 4115-4120. 
Kerem, Z. and Hadar, Y. (1995) Effect of manganese on preferential degradation of lignin 
by Pleurotus ostreatus during solid-state fermentation. Applied and Environmental 
Microbiology 61: 3057-3062. 
Khan, S.M. and Chaudhary, I.A. (1989) Some studies on oyster mushroom (Pleurotus spp.) 
on the waste material of corn industry in Pakistan. In: Mushroom Science XII, ed. 
Centre for Agricultural Publishing and Documentation, pp. 23-29. N.V. Noord-
Nederlandse Drukkerij, Meppel: Netherlands. 
Khanna, P. and Garcha, H.S. (1984) Pleurotus mushroom: a source of food protein. 
Mushroom Newsletter for the Tropics 4: 9-14. 
Kihn, J. C., Dassargues, C.M. and Mestdagh, M.M. (1988) Preliminary ESR study ofMn(II) 
retention by the yeast Saccharomyces. Canadian Journal of Microbiology 34: 
1230-1234. 
Lee, L.H., Lustigman, B. and Dandorf, D. (1994) Effect of manganese and zinc on the 
growth of Anacystis nidulans. Bulletin of Environmental Contamination and 
TOXicology 53: 158-165. 
Lee, S.B. and Taylor, 1.W. (1990) Isolation of DNA from fungal mycelia and single spores. 
In PCR protocols: A Guide to Methods and ApplicatiOns, eds. Innis, M.A., Gelfand, 
D.H., Sninsky, J.1. and White, T.J., pp. 284-285. Academic Press, Inc.: London. 
Lelley, J.I. and Jan(3en, A. (1993) Interactions between supplementation, fructification-
surface and productivity of the substrate of Pleurotus spp. In Mushroom Biology 
and Mushroom Products, eds Chang, S.T., Buswell, A. and Chiu, S.W., pp 85-92. 
The Chinese University Press: Hong Kong. 
Lepsova, A. and Mejstrik, V. (1989) Trace elements in fruit bodies offungi under different 
pollution stress. Agriculture, Ecosystems and Environment 28: 305-312. 
-Levine, B.A. and Williams, R.J.P. (1982) Calcium binding to proteins and other large 
biological anion centers. In Calcium and Cell Function 11, ed. Cheung, W. Y., pp. 
1-38. Academic Press, Inc: London. 
121 
Li, D., Alic, M., Brown, J.A. and Gold, M.H. (1995) Regulation of manganese peroxidase 
gene transcription by hydrogen peroxide, chemical stress, and molecular oxygen. 
Applied and Environmental Microbiology 61: 341-345. 
Mahan, .B.M. and Myers, RJ. (1987) University Chemistry. The BenjaminlCummings 
Publishing Company, Inc: California. 
Marme, D. (1988) The role of calcium in the regulation of plant cellular metabolism. In 
Calcium and Calcium Binding Proteins, eds. Gerday, C., Bolis, L. and Gilles, R., 
pp. 201-208. Springer-Verlag Berlin Heidelberg: Germany. 
Martin, E. (1952) Calcium: the Physiological Role. Scientific Office ofSandoz Ltd.: Basle, 
Switzerland. 
Matcham, S.E., Jordan, B.R. and Wood, D.A. (1984) Methods for assessment of fungal 
growth on solid substrates. In Microbiological Methods for Environmental 
Biotechnology, eds. Grainger, J.M. and Lynch, lM., pp. 5-18. Academic Press, Inc.: 
London. 
Matthews, B.W., Weaver, L.H. and Kester, W.R. (1974) The conformation ofthermolysin. 
The Journal of Biological Chemistry 249: 8030-8044. 
McDermott, S.D. and Kies, C. (1987) Manganese usage in humans as affected by use of 
calcium supplements. In Nutritional Bioavailability of Manganese, ed. Kies, C., 
pp. 146-151. American Chemical Society: New York. 
Mehra, R.K. and Winge, D.R. (1991) Metal ion resistance in fungi: molecular mechamisms 
and their regulated expression. Journal of Cellular Biochemistry 45: 30-40. 
Mena, I. (1980) Manganese. In Metals in the Environment, ed. Waldron, H.A., pp. 199-220. 
Academic Press, Inc.: London. 
Miklus, M.B .. and Beelman, R.B. (1996) CaCh treated irrigation water applied to 
mushroom crops (Agaricus bisporus) increases Ca concentration and improves 
postharvest quality and shelf life. Mycologia 88: 403-409. 
MueIler, JC., Gawley, JR., Lanz, H. and Hayes, W.A. (1985) Mineral and heavy metal 
content of Pleurotus sajor-caju grown on cellulosic residues from a bleached kraft 
pulp mill. Mushroom Newsletter for the Tropi9s 5: 9-16. 
Nealson, K.H. (1983) The microbial manganese cycle. In Microbial Geochemistry, ed. 
Krumbein, W.E., pp. 191-222. Blackwell Scientific Publications: London. 
Nealson, K.H. and Myers, C.R. (1992) Microbial reduction of manganese and iron: new 
approaches to carbon cycling. Applied and Environmental Microbiology 58: 439-
443. 
Nealson, K.H., Rosson, R.A. and Myers, C.R. (1989) Mechanisms of oxidation and 
reduction of manganese. In Metal Ions and Bacteria, eds. Beveridge, T.J and 
Doyle, R.J., pp. 383-411. John Wiley and Sons, Inc.: New York. 
122 
Nieuwenhuis, B.1.W.M., Weijers, C.A.G.M. and Borst-Pauwels, G.W.F.H. (1981) Uptake 
and accumulation of Mn2+ and Sr+ in Saccharomyces cerevisiae. Biochimica et 
Biophysica Acta 649: 83-88. 
Ohsumi, Y. and Anraku, Y. (1983) Calcium transport driven by a proton motive force in 
vacuolar membrane vesicles of Saccharomyces cerevisiae. The Journal of 
Biological Chemistry 258: 5614-5617. 
Ohsumi, Y. and Anraku, Y. (1985) Specific induction of Ca2+ transport activity in MA Ta 
cells of Saccharomyces cerevisiae by a mating pheromone, a factor. The Journal of 
Biological Chemistry 260: 10482-10486. 
Perie, F.H. and Gold, M.H. (1991) Manganese regulation of manganese peroxidase 
expression and lignin degradation by the white rot fungus Dichomitus squalens. 
Applied and Environmental Microbiology 57: 2240-2245. 
Perrin, D.D. and Dempsey, B. (1974) Buffers for pH and Metal Ion Control. Chapman and 
Hall: London. 
Petersen, R.H. (1995) There is more to a mushroom than meets the eye: mating studies in 
the Agaricales. Mycologia 87: 1-19. 
Raper, J.R. and Miles, C.R. (1958) The genetics of Schizophyllum commune. Genetics 43: 
530-546. 
Ringer, S. (1883) A further contribution regarding the influence of the different 
constituents of the blood on the contraction of the heart. Journal of PhYSiology 4: 
29-42. 
Robson, G.D., Wiebe, M.G. and Trinci, A.P.1. (1991) Low calcium concentrations induce 
increased branching in Fusarium graminearum. Mycological Research 95: 561-
565. 
Roomans, G.M., Theuvenet, A.P.R., Van Den Berg, T.P.R. and Borst-Pauwels, G.W.F.H. 
(1979) Kinetics of Ca2+ and Sr+ uptake by yeast: effects of pH, cations and 
phosphate. Biochimica et Biophysica Acta 551: 187-196. 
Royse, 0.1. (1995) Specialty mushrooms. Mushroom News 43(5): 4-21. 
Ruegg, J.C. (1992) Calcium in Muscle Contraction, pp. 1-354. Springer-Verlag Berlin 
Heidelberg: Gennany. 
Sanglimsuwan, S., Yoshida, N., Morinaga, T. and Murooka, Y. (1993) Resistance to and 
uptake of heavy metals in mushrooms. Journal of Fermentation and 
Bioengineering 75: 112-114. 
Schroeder, H.A. (1976) The Trace Elements and Nutrition, pp. 30-62. Faber and Faber 
Limited: London. 
123 
Scott, R.E. and Gaucher, G.M. (1986) Manganese and antibiotic biosynthesis. 1I. Cellular 
levels of manganese during the transition to patulin production in Penicillium 
urticae. Canadian Journal of Microbiology 32: 268-272. 
Scott, R~E., Jones, A., Lam, K.S. and Gaucher, G.M. (1986) Manganese and antibiotic 
biosynthesis. I. A specific manganese requirement for patulin production In 
Penicillium urticae. Canadian Journal of Microbiology 32: 259-267. 
Silver, S. (1978) Transport of cations and anions. In: Bacterial Transport, ed. Rosen, B.P., 
pp. 221-324. Marcel Dekker, Inc.: New York. 
Silver, S. and Jasper, P. (1977) Manganese transport in microorganisms. In: 
Microorganisms and Minerals, ed. Weinberg, E.D., pp. 105-149. Marcel Dekker, 
Inc.: New York. 
Sohi, H.S. and Upadhyay, R. C. (1989) Effect ·· of temperature on mycelial growth of 
Pleurotus species and their yield performance on selected substrates. In: Mushroom 
Science XII, ed. Centre for Agricultural Publishing and Documentation, pp. 49-56. 
N.V. Noord-Nederlandse Drukkerij, Meppel: The Nertherlands. 
Stamets, P. (1996) Growing Gourmet and Medicinal Mushrooms, pp. 57-59 and 65-74. Ten 
Speed Press and Mycomedia: Hong Kong. 
Stolzer, S. and Grabbe, K. (1991) Mechanisms of substrate selectivity in the cultivation of 
edible fungi. Mushroom Science 13(1): 141-146. 
Timonin, M.L., Illman, W.I. and Hartgerink, T. (1972) Oxidation of manganous salts of 
manganese by soil fungi. Canadian Journal of Microbiology 18: 793-797. 
Tinnell, W.R., Jefferson, B.L. and Benoit, R.E. (1977) Manganese-mediated 
morphogenesis in Penicillium claviforme and Penicillium clavigerum. Canadian 
Journal of Microbiology 23: 209-212. 
Tuinen, D.V., Perez, R.O., Marme, D. and Turian, G. (1984) Calcium, calmodulin-
dependent protein phosphorylation in Neurospora crassa. FEBS Letters 176: 317-
320. 
Tyler, G. (1980) Metals in sporophores of basidiomycetes. Transactions of the British 
Mycological SOCiety 74: 41-49. 
Volesky, B. (1990) Biosorption of Heavy Metals, pp. 139-171. CRC Press, Inc: Boca Raton 
Wariishi, H., Valli, K. and Gold, M.H. (1992) Manganese(ll) oxidation by manganese 
peroxidase from the basidiomycete Phanerochaete chrysosporium. The Journal of 
Biological Chemistry 267: 23688-23695. 
Williams, R.J.P. (1974) Calcium ions: their ligands and their functions. In Calcium and 
Cell Regulation, ed. Smellie, R.M.S., pp. 133-138. The Biochemical Society: 
London. 
124 
Wright, C.T. and Klaenhammer T.R. (1981) Calcium-induced alteration of cellular 
morphology affecting the resistance of Lactobacillus acidophilus to freezing. 
Applied and Environmental Microbiology 41: 807-815. 
Wright"C.T. and Klaenhammer T.R. (1983) Influence of calcium and manganese on 
dechaining of Lactobacillus bulgaricu. Applied and Environmental Microbiology 
46: 785-792. 
Yoon, C.S., Glawe, D.A. and Shaw, P.D. (1991) A method for rapid small-scale 
preparation of fungal DNA. Mycologia 83: 835-838. 
Youatt,1. (1993) Calcium and microorganisms. Critical Reviews in Microbiology 19: 83-
97. 
Zervakis, G. and Balis, C. (1991) Pleurotus species of Greece: an evaluation of their 
morphological and physiological charateristics. In Mushroom Science XIII, ed. 
Maher, M.J., pp. 537-544. A. A. Balkema, Rotterdam: The Netherlands. 
125 
7. Appendix 
7.1 Preparation of reagents for determination of orthophosphate content 
Use deionized water (to megohm) for all solutions. 
7.1.1 Stock standard 100.0 mg PIL 
Dissolve 0.439 g primary standard grade anhydrous potassium dihydrogen 
phosphate in aIL volumetric flask. 
7.1.2 Working stock standard solution 10.0 mg PIL 
Dilute 100.0 ml of stock standard to 1 L in a volumetric flask. Add 50.0, 12.5, 5.0, 
1.25 and 0.25 ml of working stock standard solution in 250 mI volumetric flasks to get 2.0, 
0.5, 0.20, 0.05 and 0.01 mg PIL working standard. 
7.1.3 Stock ammonium molybdate solution 
Dissolve 40.0 g ammonium molybdate tetrahydrate in aIL volumetric flask. Stir 
for four hours. Store in plastic and refrigerate. 
7.1.4 Stock antimony potassium tartrate solution 
Dissolve 3.0 g antimony potassium tartrate in aIL volumetric flask. Store in a dark 
bottle and refgrigerate. 
7.1.5 Molybdate color reagent 
Add 500 ml of water in aIL volumetric flask first. Then add 35.0 mt of 
concentrated sulfuric acid. After mixing, add 72 ml of stock antimony potassium tartrate 
solution and 213 ml of ammonium molybdate solution. Dilute to the mark and inverted 
three times. 
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7.1.6 Ascorbic acid reducing solution 
Dissolve 60.0 g of ascorbic acid in alL volumetric flask and then add 1.0 g dodecyl 
sulfate. ,Prepare fresh each time. 
7.1.7 Sodium bydroxide-EDTA rinse 
Dissolve 65 g of sodium hydroxide and 6 g of tetrasodium ethylenediamine 
tetraacetic acid in alL volumetric flask. 
7.2 . Preparation of reagents for determination of ammonia content 
7.2.1 Stock standard 100.0 mg NIL as NBJ in 2 M Kef 
Dissolve 150 g of potassium chloride and 0.3819 g of ammonium chloride in aIL 
volumetric flask. 
7.2.2 Working standards 
Add 50.00, 20.00, 10.00,5.00,2.50, 1.25,0.50 and 0.25 ml of stock standard in 250 
ml volumetric flasks to get 20.00, 8.00, 4.00, 2.00, 1.00, 0.50, 0.20 and 0.10 mg NIL 
working standards. Prepare the working standards fresh each time. 
7.2~3 Potassium chloride and standards diluent 
Dissolve 150 g of potassium chloride in aIL volumetric flask. 
7.2.4 EDTA solution 
Dissolve 66 g of ethylenediamine tetraacetic acid disodium salt dihydrate in aIL 
volumetric flask. Adjust the pH to 7.0 with sodium hydroxide pellets. 
7.2.5 Buffer 
Dissolve 28.0 g of sodium hydroxide and 50.0 g of sodium phosphate dibasic 
heptahydrate in alL volumetric flask. 
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7.2.6 Salicylate-nitroprusside color reagent recipe 
Dissolve 150 g of sodium salicylate and 1.0 g of sodium nitroprusside in aiL 
volumetric flask. Store in a light-proof bottle. Prepare freshly each time. 
7.2.7 Hypochlorite reagent 
Dilute 60.0 ml of Regular Clorox Bleach (5.25% sodium hypochlorite, The Clorox 
Company, Oakland, CA) in aIL volumetric flask. Prepare freshly each time. 
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